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PREFACE. 



The design of machineiy is sometimes defined as the science of" 
Pieasonable approximation. Comparatively few of the methods 
' necessary in fixing the proportions of machine parts fall under the 
established furmuliE of Physiua or Applied Mechanics, It is only 
by a skilful adaptation of theoretical deductions to practical 
requirements that the science of Machine Design may claim a 
right to legitimate and useful existence. 

With the hope of harmonizing still further the rational methods 
of both theory and praetiee, the authors of this volume have sought 
to incorporate in its pages the most direct procedure possible in 
the design of pressure apparatus. As a basis for the broader study 
of Machine Design it is believed that problems of this character 
peculiar advantages. The definiteness of the loads in 
SBUre vessels and the reliability of the materials usually em- 
lyed in their construction are incentives to intelligent and 
curate calculation. Wherever possible, results have been 
Aiaed by rational rather than empirical methods. The usages 
r current boiler-making practice have been kept constantly in 
. Numerous assumptions have necessarily Ijeen made but in 
f case it is believed a conservative reason has been given as 



; last five chapters serve to illustrate the application of the 
[principles and fonnulie previously deduced to the prac'i-.'al design 
f various types of boilerK and presr.ure vessels, It is hoped that 
B definite program followed in these t'rol)'e:R8 rhay lje of value 
b alone to students but to the Ixtiler-making prof'^fsinn as well. 
3 data and constants assumed are .leiiVG(i frun; a-tual practice 
ind represent wide margins of safety io regard to boiler perform- 
ilice and eonstruction. Tlic design of water tube boilers is 
irgely the result of ripe experience and well established prece- 
Aside from a few features in connection with the steam 
, their proportions can rarely l)e determined by calculation, 
fuce it has not t>een considered wise to include in this work 
e specific design of a Iwiler of this data. 
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rHE DESIGN OF STEAM BOILERS 
AND PRESSURE VESSELS 



CHAPTER I. 

GENERAL PRINCIPLES. 

Before the construction of pressure apparatus of any kind 
can be undertaken a clear conception must be gained of the 
fundamental principles which underlie such work. The design 
of steam boilers entails much more than an extended applica- 
tion of the tbeory of mechanics or of the strength of materials. 
The presence of heat eniTgy and the effect of impure water 
complicate the probk-m and introduce many questions outside 
the usual realm of machine design. 

The vast increase in the use of steam -generating apparatus 
during the la-st fifty years has been the natural accompaniment 
of the corresponding growth in manufactures and commerce. 
Considering the last three decades alone, the United States 
s reports show that the numljer of horse-power developed 

r steam Vwilers connected with manufacturing operations has 
fccrensed from approximately 2,000,000 in 1880 t* 14,000,000 in 
When it is considered that these figures represent con- 
ations in this country' alone, and comprise but a small frac- 
lon of the total amount of steam and hot water handling 
■Skftchiaery, the importjince of sound and rational methods of 
design for such apparatus needs do further emphasis. 

The appalling catafitrophies whicb. from time to time, fill the 
columns of the public "press indicate in no uncertain manner 
the fearful hazard to which multitudes of human Uvea are daily 
subjected by proximity to confined steam pressure. The heat- 
ing of buildings, the transportation of passengers by rail and 
nt«r, and the generation of power for manufacturing pur- 
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poses bring into all walks of life the presence of vast aggrega- 
tions of energy, the handling of which must be accomplished 
with consummate care or fearful casualties will result. The verj' 
first requisite, therefore, to be considered in the design of steam 
boilers and other pressure vessels is safety. No one can measure 
the damage to life and property which exploding pressure ap- 
paratus may entail. Operating cflSciency and commercial 
economy fall into insignificance when compared with safety. 
That steam handling appliances should confine their working 
pressures with a liberal margin of safety must always therefore 
be made the basis of the calculation and design of such ap- 
paratus. 

1. Difficulties in Design. — The increasing difiiculty in the 
design and manufacture of steam boilers springs from a number 
of sources. With the use of steam turbines and reciprocating 
engines of multiple stage and expansion there has been a great 
increase in the steam pressures required. Whereas a few years 
ago pressures of 100 to 125 lbs. per square inch were considered 
high, at present steam apparatus is often designed to sustain 
from 200 to 250 lbs. por square inch. 

The number of horse-power comprised in one boiler unit has 
also been greatly increased of late. A one-hundred horse-power 
boiler was once considered a good-sized power unit. Most man- 
ufacturers at presc»nt guarantee a development of two to three 
times this amount per boiler and in case of water-tube boilers, 
horse-power units ranging as high as 600 and 700 are frequently 
encountered. 

The congested condition of manufacturing enterprises in 
cities, as w<»ll as the increased horse-power added to old plants 
as they develop, often puts floor spac(* at a pn?mium. This 
requires vast aggregations of power in ver>' limited quarters and 
frequently necessitates the placing of toilers in tiers upon suc- 
cessive floors. The complications arising from such arrangements 
call for very great skill and foresigl^t on the part of the designer. 

With the increase<l cost of fuel tliere has arisc^n a demand for the 
generation of steam by burning various grades of coal formerly 
regarded as refuse. As an instance of this, the Lackawanna 
Railroad some time ago adopted a type of locomotive with wide 
grate especially designed for burning culm or anthracite slack. 
In this manner accumulations of fuel previously considered as 
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have been made to serve a valuable purpose and return 
generous revenue to the railroad. The construction of such 
wide fire boxes haa proved a difficult problem for the 
igner. 
The purity of the water used in generating steam has much to 
do with the life and efficiency uf the boiler. Especially is this 
true in the Western States, where many waters are found heavily 
impregnated nnth the carbonates of lime and magnesia. The 
irecipitations from such feed waters after boiling are very oon- 
iderable. When allowed to settle and burn on, such deposits 
form a thick scale which interferes seriously with the prompt 
transfer of heat through the boiler plate. For this reason where 
Buch feed waters are to be used the designer must allow wide 
margins of safety to compensate for the weakening effect of 
'erheated and burned plates. 

With the developmeni of the steam turbine and the constant 
imand for stiicter economy in the consumption of steam, the 
of the superheater has come into promineoce. For the 
■er degrees of superheating a portion of the boiler itself may 
(he made to comprise the superheater. Such, for instance, is the 
function of the fire tubes of vertical boilers where they paas 
tiirougb the steam space. For high degrees of superheating a 
^separate piece of apparatus placed in the path of the hot gases, 
over a furnace entirely independent of the boiler, may be made 
perform the office. lu either event the transfer of heat to 
vapor is not as prompt as to a liquid. Superheating mem- 
must therefore be designed with direct reference to their 
iting away un<ler the effects of overheating and with full 
for their repair and renewal. 
The last and perhaps the most serious of the difficulties to be 
icoUQtered in designing boilers is the necessity of securing a 
capacity for overload. Time wa«, when the manufacturer 
boilers eonsiilered that he had done extremely well in providing 
an overload of one-third the original rating. At present, how- 
■er, under certain conditions in naval vessels, as well as in the 
ration of current for use in electiic traction, provision must 
made for carrj-ing peak loads two to three times the normal 
■power. By means of certain mechanical stokera, boilers 
ive been forced to these excessive capacities for verj' short inter- 
Tlua is not done by an increase in pressure but rather by a 
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more rapid coal consumption under forced draft. To endure such 
treatment without injury and insure the safety of operatives and 
attendants as wdl, the; tjoiler must embody factors of safety in its 
design upon which entirp reliance may be placed at all times. 

2. Recent Improvements. — In contrast to the above diffi- 
culties in the design of modem pressure vessels, there may lie 
enumerated certain great advances. Far better materials than 
formerly await the hand of the designer and manufacturer. 
Comparatively few years ago steel was not considered a fit 
material for boiler shells, because of its lack of ductility. 
■ Wrought iron was used exclusively for the purpose. At present, 
however, " flange steel " is obtainable of a tensile strength one- 
fourth greater than that of wrought iron, and at the same time 
with sufficient ductility for the most exacting requirements. 
The same is true of rivet steel. But very few designers now 
specify puddled wrought iron for boiler rivets. It is a significant 
fact in this connection that in 1909 one of the largest manufactur- 
ers of boiler tulies in the United States voluntarily relinquished 
the use of wrought iron for the purpose, devoting since then 
their entire energies to the manipulation of soft steel for pipes 
and tubes. It would appear from this that modern open-hearth 
steel is soon to take its place as the material preeminently fitted 
for the manufacture of steam boilers throughout. 

There is a second great advance as regards machine toots. 
The modem boiler maker has at his command powerful and 
aceurat« t<»o!s for performing every class of operation. Hand- 
work, with its personal equation and consequent lack of uni- 
formity, has largely Iwen eliminated while accurat*- and uniform 
mechanical operalions have taken its place. Portable tools 
driven by air or electricity relieve the mechanic of many arduous 
tasks and provide him with a never failing source of energy. A 
boiler shop is now conducted with much the same definiteness 
of organization that one will find in a first-rate machine shop. 
Slipshod methods have given place to intelligence and direct- 
ness. The drift-pin, once a much used tool in riveted work, has 
largely been retired to the shelf. 

Lastly may be mentioned the ever-increasing array of laws 
and ordinances which have been framed of late to keep the 
boiler maker's feet in paths of rectitude. Federal supervision 
over the boilers of steam vesseb is ample and well administered. 
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IFhe priocipies laid dowa in the " Rules of Supervising luspec- 
ors " are sound and conservative. Among the states, Massa- 
chusetts has taken the lead in making the design and manufacture 
of boilers and air tanks a matter of public statute and in placing 
the inspection of such pressure vessels in the hands of the State 
Police. Other states and countries, to a more or less degree, 
lave followed in the same direction. The Dominion of Canada 
P*s an excellent set of boiler rules. Besides these legal enact- 
lents many private in.surance and casualty companies have in 
■orce excellent codes of regulation. 

3. BoUei Hocse-power. — The use of the term horse-power 
, connection with steam generators is at best more or less 
irbitrary. Originally the term was intended to convey the idea 
, with the given boiler attached to an engine of ordinary 
economy and developing under rather adverse conditions tlie 
stated horse-power, there was an ampie margin of evaporative 
resource on the part of the boiler. 

lo the year I8S5 this rating was summarized by the American 
)ciety of Mechanical Engineers in the statement that one 
liler horse-power was equivalent to the evaporative cnerg>' 
to turn 30 pounds of feed water per hour taken 
bto the boiler at 100° F. to dry steam at 70 pounds per 
iqusre inch gage pressure. Since the stereotyped conditions of 
i above definition were rarely found to fit a given case in 
letice, the same organization of engineers in 1S9S defined a 
toiler horee power as equivalent to the evaporation of 34.5 
pounds of water per hour to <lr>' steam from and at a temperature 
of 212° F, This was practically equivalent to the performanc* 
given under the definition of 1S85. The heat of vaporization 
; pound of dry steam at 212° F. is 969.7 B.T.U. Hence 
r horse-power corrcspoDds to the absorption of 33,455 
r hour, 

1 DO definiti^ relationship l>etwe*n boiler and en^ne 
Depeniling upon the exeellence of the valve gear 
1 desi^, ue well as upuD the pressure and degree of 
saturation oS the steam used, an engine will develop one indi- 
cated horse-power upon » water rumiuniption var>'ing from 10 
to 60 pounds p^ hour. Hence one IxiilfY Iwrve-powtrr roughly 
I to a range of engiiie bone-poven varying from 3 
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A mon* accurate comparison may be made with reference to 
iIm' h<*at consumption of the engine. A modem steam engine 
of approv<?d pattern will generate one indicated horse-pow^er at 
ttii ifXtKaiditure varying from 200 to 400 B.T.U. per minute. 
Tlu' heat consumption depends upon whether the engine is 
ttiTang<f<l for single or multiple expansion, for saturated or 
b*i|X'rh<*at<Hl steam, or for running condensing or non-coxidens- 
ihii. Taking the thermodynamic equivalent of a boiler horse- 
iHPV^i*r HH 31^,455 B.T.U. per hour and the above range of 
ttAui r>iHiHurnption at the engine, one lx)iler horse-power will 
i'i^Vi'r from 1.4 to 2.8 engine horse-power. Wherefore in de- 
arigiiiiig larg<» plants it is generally considered suflScient to pro- 
vjdi' \tifiU*r horw^-power equal to half the indicated horse-power 
iff i\ut <'iigin(*H, there being at the same time sufficient margin 
inr laying off boilers due to cleaning and repairs. 

Ill fniiniiig th(t above general definition the committee of 1898 
iWisU* iUi* following statement: ''A boiler rated at any stated 
ni\ftu'.hy «hould cl<;velop that capacity when using the best coal 
ordiiiiirily Hold in the market where the boiler is located, when 
(ir<'d by an (ifdinary fireman, without forcing the fires, while ex- 
hibiting good economy; and, further, the boiler should develop 
at U'tihl on<!-third inon^ than the stated capacity when using the 
mthf fiH'l and oiM^rat<»d by the same fireman, the full draft be- 
ing i'Ui\)U)yi'i\ and thc^ fires being crowded, the available draft 
ill i\w due juMt beyond the boiler, unless other\vise understood, 
Iwiiig not leKH than one-half inch water column.*' 

4. Thermal Boiler Efficiency. — The relation of the heat 
iibnorlM^d by l\w wat<T in the boiler to that generated by the 
roriibuMtion (if the fu<^l is the efficiency ratio for a given boiler 
|MTforrnan<H'. With good firing and a well-designed plant this 
fi^ufii raiigcH from 05 to 75 per cent. 

6. Sizes of Units. — While there are no exact limits in regard 
to th<^ maximum or minimum generating capacity for which a 
boiler unit may 1m» (h»Hign(»d, there are, however, certain prac- 
tical considiTations in notation to the tj'^pe of boiler chosen 
which gov<*rn tin* Hul)-di vision of horse-power. Small boilers for 
special purposes hav(? Ix^en designed without definite Umit as to 
rating. For manufacturing enterprises it is rarely wise to in- 
stall stationary boilers of less than 50 horse-power, although 
horizontal return tubular boilers are built in sizes as small as 
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^^KSO horse-power. Portable and semi-portable boilers of the loco- 

^^r motive and vertical type are frequently designed for units 

as small as 15 horse-power. For Scotch boilers the question 

depends upon the accommodation of the internal furnace. To 

provide reasonable grate room in a combustion tube, requires a 

Iioiuimum diameter for the external shell of approximately 6 
feet and a corresponding rating of about 50 horse-power. Sec- 
tional and water-tube boilers arc in general concentrated power 
units of high rating. Except for steam-heating purposes it is 
rarely good practice to specify such boilers of less than 100 
horse-power. 
Passing to the other extreme, the concentration of power in 
very large units depends primarily upon the ability of metals 
to transmit heat while loaded with severe hoop tensions and 
compressions. A return tubular boiler 78 inches in diam- 
eter, using a quadruple riveted butt joint, requires a eteei 
shiJl nine-aixtecQths of an ineh thick in order to preserve a 
reasonable factor of safety. This has been found to be about 
the maximum thickness fur safe use in externally Bred boilers. 
The rating of such u boiler by A.S.M.E. standards and under 

I ordinary conditions is 200 horse-power and is therefore the 
largest practical imit for this type. With forced draft or a 
very high stack this figure would be considerably exceeded. 
Locomotive boilers in railroad practice are not rated in the 
usual manner for l>oiler horse-power, since the conditions of 
their operation varj' so widely from the normal. The indicated 
horse-power of large locomotives when measured at the engine 
cylinders has approximated 2000 for short intervals and under 
the severest conditions of forced working. It is probable, how- 
ever, that the draft induced by the exhaust nozzle and the 
economy gained by the superheater provided for a very large 
percentage of overload so that the actual horse-power of the 
boiler would lie reduced to about one-half of the above amount. 
Special stationary locomotive tyjw boilers have been designed 
for 1000 horse-power but the forcing necessary to secure this 
^■^ figure does not conduce either to long life or a small repair bill. 
^^nFor economical working a limit of 150 horse-power may be set 
^^Wor semi-portable locomotive type boilers and about twice this 
^^^Hgure for stationary ones. 

uks of much the same tenor may be made in relation to 
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Scotch boilexs. For land use the dry back Scotch boiler with 
two furnace tubes is limited to about 300 horse-power. In 
mariue use with four furnace tubes and forced draft five times 
this figure is often reached. 

Since in vertical boilers there are no thick plates directly ex- 
posed to the fire, the limit of horse-power is dependent upon 
the possibility of staying the furnace sheets and the durability 
of the superheating surface at the upper end of the tubes. Un- 
fortunately the lower tube sheet in boilers of this type is located 
directly in the path of the falling sediment from the surface of 
the tubes above and is at the same time exposed to the maxi- 
mum heat of the fire from below. Provision must therefore be 
made for the easy cleaning of such tube sheets if the life of the 
boiler is to Ix- prolonged, The rating of vertical boilers is gener- 
ally limited to units of 400 horse-power. 

The water-tube or safety boiler excels all other types in the 
amount of horse-power developed per unit of its own weight. 
For stationary use it is also capable of greater concentration of 
power than other types. Units aggregating 500 horse-power are 
frequently used in practice and in some instances the size has 
been increased to 700 horse-power. 

In selecting the size of units for a given plant it must be bome 
in mind that, while the efficiency of the Imiler and the economy of 
its attendance and operation are generally higher the larger the 
unit, at the same time the inconvenience due to laying off for 
cleaning and repair is greatly incrfasod. The unit chosen there- 
fore should gencrjilly be so small a factor of the total capacity of 
the plant as to permit a good degree of flexibility. 

6. Range of Pressure. — The pressure in most of the steam- 
generating apparatus used for heating buildings is not sup- 
posed to exceed 15 pounds per square inch. Such appliances 
if protected from over-pressure by devices of approved accu- 
racy are exempt fnjm the usual boiler rules and regulations. 
It is only when there is liability to severe overloading by acci- 
dent or carelessness that such pressure vessels explode and cause 
serious damage. 

With pressures ranging from 15 to 100 pounds per square inch 
there is a vast amount of low-pressure steam machinery in use 
in which the g<>nertttion of power and the utiliiation of steam for 
industrial purpatfs are of paramount importance. Such prea- 
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j^ures may be regarded aa the conservative practice of some 
years ago. 

For the ordinary generation of power in moderately large 
units, pressures ranging from 100 to 175 pounds per square inch 
are of common occurrence. The leakage of joints and gaskets 
at such pressures is not a very serious matter and can be pre- 
vented by the use of " extra hea^'j' " pipe fittings. 

Where the highest degree of economy is sought in large 
unit? operating under ideal conditions, steam pressures have of 
te been increased to the region of 250 pounds |«'r square inch, 
Especially is this true in the case of modern locomotive and steam 
line practice. Most locomotives at present are designed for 
pounds pressure. Such pressures are more or less trouble- 
Bome to handle, requiring the greatest of care in making up and 
maintaining joints against leakage. Special boilers of peculiar 
design have been built for pressures considerably in excess of 
those just mentioned, but they belong to the realm of physical 
apparatus rather than to that of power generators. 

While the limit of pressure adopted ia primarily a question of 
securing economj' in the prime mover to be used, the type of 
steam generator has much to do with the question as well. An 
rxteroally -fired boiler of reasooable size for pressures in excess 
of 175 pounds per square inch requires a shell thickness too great 
for durability. Hence horizontal return tubular boilers are rarely 
designed for pressures exceeding 150 [wunds per square inch. 
The allowable pressures in vertical and Scotch boilers, where the 
external shell is unlimited in thickness, are governed by the ability 
of the internal furnace walls to resist collapse. Two hundred 
pounds per square inch is approximately the limit in such cases. 
" the extreme pressures mentioned above, it is necessary 
in practice to the water-tube boiler. Here the total vol- 
o( water is very much less and is confined in smaller chan- 
The thickness of metal therefore, even for 250 pounds 
square inch, need not be excessive. 
Superfaeating Appliances. — In generators of high-pressure 
there is generally included the necessary apparatus for 
leating. Aside from the low degrees of superheat naturally 
where the fire tubes of vertical boilers pass through 
space, there are two classes of appliances used for 
First, the superheating member may be housed 
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directly in the boiler setting, using the heat from the ordinary 
fire. The alternative arrangement consists of placing the 
superheater over an independent furnace with grate and uptake 
entirely separate. 

The form of the superheating vessel itself may consist of 
U-shaped tubes expanded at their free ends into steel headers 
and so arranged that a current of steam drawn through them 
will be far enough removed from contact with its liquid to 
become more or less superheated. Various other iorms and 
devices, such as straight tubes placed one within the other and 
connected to separate chamliers at their ends, have been used 
for the purpose of superheating steam. 

Attached superheaters may be suspended in the natural path 
of the hot gases on their way to the uptake. Or again, a portion 
of the products of combustion may be by-passed directly from 
the main furnace to a separate chamber in which the apparatus 
is installed. In the former case the superheater is exposed to 
the full heat of the fire while the water in the boiler is approach- 
ing the point of cvapomtioo. Unless a positive current of 
steam is maintained through such appliances they suffer im- 
mediate injury by overheating. Hence superheaters of this 
kind must be placed iwlow the wat^r lino of the twiler and pro- 
vision be made for filling or " flooding " them with water while 
raising steam. This expedient should be fully anticipated in 
the design of the apparatus. Means must lie provided for the 
free circulation of water and the delivery of steam to the maio 
boiler. At the same time the sediment precipitated in the 
superheater by the boiling of the water should be within easy 
reach of handholcs and cleaning appliances. After reaching 
full steam pressure the flooding water in the superheater is dis- 
charged and a current of steam immediately established in its 
place. In shutting dpn'n boilers having this arrangement the same 
expedient is adopted to preserve the superheater from injury. 

When the superheating chambers are connected by damper 
by-pass with the main furnace, the apparatus may be placed 
above the water line and designed to convey steam only. In 
raising steam this chamber is temporarily cut out of the path 
of the hot gases. At full steam pressure the saturated steam 
may be drawn through the superheater and the by-pass dampers 
opened. 
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Separately-fired superheaters ahouiti be arranged so that the 
fuH heat of the fire is broken and diffused by a reverberatory 
arch. The mass of brickwork thus provided stores au immeDse 
amoiiot of heat, improves the combustion of the gases, steadies 
Ihe operation of firiog and prolongs the life of the superheating 
tubes. To increase the metal surface in contact with the 
prwlucls of combustion, cast-iron rings with projecting fins are 
strung on the outside of the steam conduits in certain forma of 
superheaters. 

In designing such apparatus it must continually be kept in 

mind that the absorption of heat by a vapor is never so prompt 

» by a liquid. Overheated and burned metal is often the result 

pfore unless reliable means are j)ro\'ided for maintaining a 

pid flow of steam through such appliances. All the members 

i superheaters are exposed to widely var>'ing temperatures and 

II provision must be made in their design for the stresses caused 

f exp&nuon and contraction. 

tS. Fuel, Grates and Settings. — The fuel, for the use of which 

e boiler is intended, has a considerable effect upon its design. 

1 fuels require a large amount of excess space for the thorough 

mingling of the gases during combustion. Es[)ecially U this 

true of bituminous and other long-6aming coals. A sbort- 

^rircuit from grat^ to uptake tends toward large losses of heat 

f the chimney. Horizontal and water-tube Ixiilers utilize the 

behind the bridge wall for the purpose of combustion. 

L boilers are usually accompanied by roomy combustion 

nbc^s either internal or external to the shell. Ix)comotive 

I vnlical Iwilers are more or less lacking in this respect, but 

! high fire boxes usually found in such boilers comi>en.sate to 

a degree for the lack of adequate combustion space. 

|2t is generally good practice, where manufacturing refuse is to 

I burned, to place the grate in a separate chamber outside the 

nits of the boiler setting. Such an arrangement, usually called 

Utch oven, prondes sufficient brickwork to aerve as a reser- 

r of beat in firing fresh or damp fuel and at the same time 

lens the gas passages so that a more perfect heat absorp- 

1 takes place. 

e eriticism is often made that the furnace walla of internally- 
I boilers never reatrh a temperature mueh in excess of that 
i to the accomp&nj'ing steam pressure. Such comparatively 
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cold walls do not, it is true, minister to efficient combustion but 
the absence of other heat losses more than counterbalances this 



The spaces between the grate bars must vary with the size of 
fuel and the depth of fire to be carried. The air inlets through 
the grates are usually designed to comprise not less than forty 
per cent of the total area. 

Ideal combustion consists of complete oxidation of all the 
elements contained in the coal. Sufficient air for this purpose 
should be introduced through the grate. It is never possible 
to admit the air theoreticully necessary for the chemical action 
alone, since the access of the draft to all portions of the fire is 
not perfect. The partial oxidation of the coal constituents re- 
sults in a serious loss of efficiency in the boiler performance. It 
has been found by chemical analyses of flue gases, as well as by 
general tests upon boiler plants, that from fifty to one hundred 
per rent of air for dilution must l>e provided in excess of the 
calculated amount necessary, 

A large over-supply of air on the other hand robs the combus- 
tion of heat units and lowers the furnace temperature. For this 
reason leaky lx)iler settings conduce to poor economy and general 
inefficiency. The marked saving in fuel effecte<l by internally- 
fired boilers, especially those of the* vertical, Scotch and loco- 
motive type, may be attributed in large measure to the fact that 
there is no possibility of air leakage tlirough the setting. AU 
the air admitted to the fire must pass through the grate with the 
exception of a small portion purposely introduced through the 
grid in the fire door or through perforations in the bridge 
wall. The settings for all types of externally-fired boilers, 
especially those of the water-lube class, are complex and present 
many opportunities for leakage through cracks and crannies as 
well as around door frames and cleaning holes. To obviate this 
difficulty most boiler manufacturers provide riveted sheet steel 
settings with an internal lining of brickwork. Such settings 
are very effective in saving fuel but are not widely used on ac- 
count of their cost and rapid deterioration if the brick lining is 
not kept in good repair. 

To prevent heat losses the walls of ordinary boiler settings 
should be at least four brick thick. Located at the center of 
the wall there should be an insulating air space at least two 
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inches in widt)i. Very often this air space is carelessly left un- 
sealed and therefore, instead of serving as a means of insulation, 
imes a duct for air leakage in communication with lining 
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'he brickivork in the setting should never be laid rigidly 
against the surface af the boiler. If such is the case expansioD 
and contraction will soon open cracks. Where a fire cut-off is 
to b«? maintained the brickwork should be kept back from one- 
half inch to one inch and the crack calked with asljestos rope. 
Expansion rollers must be provided under at least one set of 
support* to accommodate motion in a lengthwise direction. 

When cast-iron or steel columns pass through the brick- 
work of boilers set singly or in battery, care should l)e taken 
tiiat a space is left around such structural members for venti- 
lation. This provides at the same time for renewal or removal 
of ihe column without disturbance to the setting and prevents 
injury to the column through overheating. The space thus 

ivided should l>e connected by a duct not less than ten inches 
,re with the external air to insure circulation. 
_ Grate bars must never be tightly fitted lietween portions 
of the setting ance their expansion will rack the brickwork. 
Either a free space should be provided at the end of the grate 
or the grate bearer should support the bars on an inclined 
surface up which they may slip without injury to the surround- 
ing fixtures. 

A flat bridge wall at the end of the grate keeps the fuel in 
place and serves as a support for the inner end of the grate. 
With the intense combustion necessary under forced draft, the 
bridge wall should be designed to contain a water cooled core 
through which is drawn the feed water. The temperature of 
the bridge wall is ver}' much higher than that of the rest of the 
furnace walls. To prevent its expansion from heaving the ad- 
jacent lining, the bridge wall is often fitted at its ends into re- 
cesses in the side walls. The depth of these recesses is sufficient 
to accommodate the maximum expansion. The lower portion 
of the bridge wall is sometimes utilized for the introduction and 
distribution of air for dilution. Perforated bridge walls in 
6Got<^h boilers assist to a marked degree the narrow and low 

ibustioD space in the furnace tubes. 

opening l>ehind bridge walla should not be hlled io or 
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leveled off but left an open chamber in which the gases may 
mix and eddy as their combustion proceeds. Feed and blow- 
off pipes passing through the gas passaRes should always be en- 
cased in sleeves of heavy cast iron pipe to prevent wasting upon 
their surfaces. 

If the plant is dependent upon ordinary natural draft it is 
necessary that the gases be released at the uptake with a tem- 
perature of approximately 500° F. in order to maintain com- 
bustion. While this appears to be a large loss it is in a 
sense a necessary one. When special induced or forced draft 
apparatus is supplied, feed-water heaters or " economiBers " may 
be used and the temperatui'e of the chimney gases materially 
lowered. Such appliances, liowever, consume very considerable 
amounts of power in their operation, which should be charged 
to the plant when computing their economy. 

In horizontal multitubular tK)ilers the gases pa-ss along the 
under side of the shell to the rear and return to the front by 
way of the tubes. The expedient has been tried of providing 
a third "pass" for the gases along the top of the boiler shell. 
Tliis complicates the setting and brings beat to a portion of the 
shell likely to contain the riveted joints. It is not, therefore, a 
wise precedent to follow. At the rear of the boiler an arch of 
brickwork should protect the upper portion of the tube sheet, as 
well as the staying appurtenances, from the onrush of the flames. 

Locomotive and Scotch boilers generally insure the mixing of 
gases in combustion by baffle walls or arches at the rear of the 
grate. A hanging baffle arch in furnace tubes is very effective in 
breaking up the current of gases and promoting thorough com- 
bustion. In locomotive fire boxes a baffle bridge wall performs 
the same function and protects the tube ends from overheating 
as well. 

Vertical boilers are open to the criticism that the short 
direct transit of the flames from grate to uptake is conducive 
to excessive chimney temperatures. For this reason much 
smaller tubes may be used in such boilers and the velocity and 
temperature of the gases correspondingly reduced. At the 
same time a tall stack permits the use of an economizer for. 
transmitting a large part of the chimney temperature to the 
feed water. When so arranged vertical boilers mamtain high 
rates of economy while occupying a minimum of floor space. 
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Vator-tube boilers are dependent for their heat-absorbing 
wer upon many passes of the hot gases back and forth among 
• water tubes. In order (o direct the transit of the fiames in 
definite channels special forms of baffle tiling are inserted and 
clampeii in place among the tubes. Experiments at the Uni- 
versity of Illinois, Bulletin No. 34, show that a furnace roof, 
where the water tubes are completely encircled by the tiling, la 
but a few per cent less efficient than one in which the lower half 
of the tubes is directly exposed to the flames. In any event the 
form of tiling used should he such as to permit easy renewal 
without disturbing adjacent portions. The clamps which hold 
the blocks in place should be of the simplest and most inex- 
pensive construction since iron subjected to such high tem- 
l>erature8 wastes away verj' rapidly. 

There are two general methods of directing tho flow of gases 
i£k and forth among the tubes. In the first, the tiling is in- 
I in horizontal layers and the gases make three or more 
rcuits in a direction parallel with the tubes. The second 
ietliDd employs tile partitions combined with a hanging bridge 
, and secures three or more passes in a direction perpendicu- 
t to the tubes. It is interesting to note in this connection that 
Ipo tests performed under practically duplicate conditions by 
'. George H, Barms, and reported in the Engineering Record 
I Feb. 19, 1898, indicate a boiler efficiency in the case of the 
nzontal tiling some six per cent in excess of that shown by the 
rtical tiling. 

Whatever the form of boiler, the surfaces exposed to the fire 
must be readily accessible for cleaning. It is doubtful if engi- 
neers in general appreciate the resistance which moderately thick 
jverB of soot offer to the absorption of heat. Soot itself is a 
I rate heat insulator, ranking some five times as efficient in 
I regard as fine asbestos. Circular No. 27, 1890, of the 
ton Manufacturers' Mutual Fire Insurance Company gives 
[De iateresting data in this connection. A moderate layer of 
bt over the heating surfaces of a boiler or superheater cancels 
■ Isrge measure any gain made by skilful firing or excellence in 
9 design of the engine. Mr, Jaques Abady, of Alex. Wright A 
, London, in a lecture before the Nottingham Guild of Me- 
1 and Electrical Engineers, rates the conductivity of steel 
I covered with a deposit of soot one-sixteenth inch thick 
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as but seventy-five per cent of that of a clean tube. In three 
tests made by Mr. J. J. Coughlin, Engineer of the Champion 
Coat«d Paper Co., Hamilton. Ohio, and reported in Power for 
July 11, I91I, the gain from the use of a soot cleaner is shown to 
range from 3 to 10.6 per cent under varyir^ conditions. 

So great is the loss in this regard that permanent soot blowers 
are at present attached to most boilers and superheaters. The 
frequent use of such apparatus is necessary in order to maintain 
the maximum efficiency of steam generators. Holes through the 
brickwork, hollow stay lx)lts and piping inside the setting provide 
the necessary means for introducing steam or air jets. Soot 
and ash doors are inserted where needed for removing the residue 
in the space behind the bridge wall. With certain coals the soot 
deposited in fire tubes forms a tough scale which resists the action 
of the steam jet. A cleaning implement consisting of a scraper 
and brush combined must then be forced through the tubes by 
hand. 

9. Type of Boiler. — - A great variety of reasons suggest the 
adoption of one type of boiler in preference to another. It is 
not possible to make an absolute comparison of the relative 
advantages of boilers in general nor is it wise to consider the 
cost of a boiler, either bare or installed for duty, a final criterion 
of its superiority. Too many factors enter into the generation 
of steam to permit so easy an answer to a perplexing question. 
The present and future conditions of the plant should be as 
fully considered as possible in seeking a type of boiler for the 
most successful operation. 

The first cost of the horizontal return tubular boiler, exclusive 
of its setting, is probably the lowest of that of any type. It can 
be rapidly built and promptly shipped to its destination. Since 
it contains no separate parts with the exception of the grates 
and front, it can be transported to its final restmg place largely 
as a unit. Skilled lal)or, other than that of an ordinary mason 
and pipe fitter, is not required in its erection or installation. 
Its setting is neither complicated nor especially liable to de- ' 
terioration. Relative to its horse-power it occupies a consider- 
able amount of floor space. It has no mud drum, hence the 
deposits within fall upon the fire sheet, and consequently forbid 
the use of very bat! feed water. The circulation is good and 
there is ample water surface for the disengagement of dry steam. 
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It ooDfauns a relatively large volume of water which proves 
likewise a jiowerful source of energ>' for sudden calls as well b 
a tremendous reservoir of destruction in case of accident. It 
requires but little skill and attention in firing and when fairly 
handled will endure from twenty to twenty-five years of service 
with but few repairs. When the latter are necessary, they can 
frequeotly be made by ordinarj- mechanics. It is not as adapt- 
able as the water-tube tjpc for carrj-ing excessive overloads nor 
has it flexibiUty enough to commend it for widely var>'ing con- 
flitioDS. The evaporative efficiency is fairly high but tlus type 
is generally chosen from other considerations than those of 

IBtrict economy. 
Many of the above statements may be made as well of the 
Bcotcb boiler. As a self-contained unit it is casUy handled and 
ftistHlled. While its first cost is much more than that of a 
horizanlAl return tubular boiler, its setting, consisting merely of 
two cradles and a covering of magnesia blocks, is correspond- 
ingly inexpensive. The circulation is poor and unless special 
ducts are provided for the purpose, the volume of water below the 
luraacf tube has but little steam^iienerating capacity. The fire 
haxard from its internal furnace is small and its shell, removed 
fram intense heat and open to inspection and repair, is rarely 
known to fail. The furnace tub^s ore the chief source of diffi- 
cult)', not providing sufficient grate -room and frequently suffer- 
ing collapse. Firing of the long narrow grate is difficult and 
r^use coal can rarely be used. Repairs to this type of boiler 
^^^^ro expensive and fairly frequent especially if an internal oam- 
^^WiofltioD chamber is used. The economy of such boilers b very 

I Vertical boilers as a clik^ have not enough length of circuit 

from grate to flue. When used in connection with an econo- 
miier their effidenc>' is improved. WhUe easily installed and 
' economical of room they can rarely be used with poor 
I water. The lower tube sheet is a very sensitive member 
, even if acceseible from adjacent handboles, its cleaning 
States frequent withdrawals from service. flTien the 
T shell forms a vertical cjllnder of uniform diameter throu^^ 
e is room enough out^de of the space occupied by the 
I for entrance and inspection. With the shell reduced in 
r at the top (^ the furnace, the degree of superbeating 
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is increased but at the expense of the room for internal inspec- 
tion. Even though (he furnace has sloping ades the circulation 
in the water leg is poor and the overheating of the neighboring 
furnace sheet ia of frequent occurrence. The wasting of the 
tubes in the superheating space also makes frequent renewals 
necessary. As a generator of mildly superheated st«am in very 
close quarters it finds its chief usefulness. 

Locomotive boilers of the stationary type are expensive to 
construct and open to the criticism of inadequate grate area. 
Unless the rate of combustion is increased either by an exhaust 
nozzle placed in the stack or by ordinary forced draft, it is diffi- 
cult to obtain the rated horse-power. The tube ends near the fire 
suffer from overheating even with baffled walls in use. The re- 
newal of tubes, sheets and stays is attended with considerable 
expense. Except in cases where their portability on skids makes 
them valuable, boilers of this type are not widely used. As gen- 
erators of motive power for railroads, the above disadvantages 
arc far outweighed by the possibilities of power concentration 
and forcing which locomotive boilers possess. When tuljed with 
8ues of small diaraet€r and equipped with superheaters they are 
fairly economical. 

Water-tul)e boilers, of which there are many types, constitute 
a class by themselves. They may be considered as steam gen- 
erators of high cost, great flexibility and strict economy. Since 
it is rarely possible to ship them already as.sembled. their erec- 
tion ia a matter of considerable time and expense, They necessi- 
tate careful attention and skilful firing. Containing but little 
water, they suffer rapid fluctuations of pressure with careless 
handling. With waterways and drums of hmited capacity, the 
rupture of one meml^er is rarely attended by the total destrui>- 
tion of the boiler. They have but little thermal resource in 
meeting verj' sudden demands. However, they respond much 
more rapidly than do the other types to conditions requiring 
forced working. They can lie warmed up and brought into 
service without injury to their structure in about one-fifth the 
time required by Scotch boilers. The many joints and cover 
plates in water-tube boilers require great care in their adjust- 
ment and maintenance. Repairs constitute a task demanding 
special skill. The water circulation is definite and rapid. With 
the sediment drums usually provided, water of poor quality can 
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be used. As was not^l in a previous paragraph boilers of this 
type permit great power concentration and are capable of carry- 
ing severe overloads. Their settings are complicated and unless 
kept in good repair are liable to permit large losses of economy 
by air leakage. 

10. Circulatton. — The necessity for circulation in steam- , 
generating vessels is evident from three standpoints. Water 
absorbs heat verj- slowly by conduction. Porcupine boders 
with numerous " de.ad ends " are notoriously inefficient. Con- 
vection or current is necessary in the liquid to insure a rapid 
degree of heat absorption. A very interesting series of experi- 
ments was made at the University of Illinois, in 1910, by Messrs- 
Clement and Garland upon the variation of heat absorption in • 
relation to the velocity of flow of water through steel tubes. 
The results of these test* are pubtishe*! in Bulletin N'o. 40 of 
the Engineering Experiment Station. They show that in gen- 
eral the B.T.U. per minute absorbed by the circulating water 
per square foot of tube surface is approximately doubled when 
the circulation increases to eight times its original velocity. 
While these tests were not performed under conditions entirely 
nmilar to those of a water-tube boUer, they nevertheless indi- 
cate the value of free circulation in assisting the absorption of 
beat. 

The second necessity for circulation is related to the disen- 
gagement of steam. As soon as formed the steam bubbles 
should be swept from the hot surface and permitted tn disen- 
gage themselves from the liquid into the steam space without 
disruptive ebullition. When st^am bubbles " pocket " or ad- 
.bste to the hot plates where they are formed, the heat of the 
not promptly transmitted, and overheating and burning 

the metal wall results. This condition is especially hable to 
found in connection with vertical tubes and furnace sheets, 
iptive discharge of steam produces priming and necessitates 
\iite use of separators in pipe Hnes. 

Tbe third reason for securing good circulation depends upon 
le purity of the water. Sediment to be harmless must be kept 

motion. If allowed to settle and cake upon the hot sheets, 

fonns a scale destructive alike to tbe efficiency of the boiler 
the durability of its structure. From the above three 
idpwnts it Ls evident that definite paths of circulation must 
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the iHorc iiuiinTi 

Urndcnry for them to rise. 

lh(i flni thtTt' should be vertical chai 



be provided and the direction and rapidity of the wate fl 

In deKi^ning a tube sheet for definite wat^r cirrulation I 
vantage must be taken of the fact that the hotter the lo I't 

s will l>c the steam bubbles and the greate^ the 
Hence over the hottest part of 
lels or avenues to which 
jwcending currents will naturally be attracted. To supplv th 
water ff)r diHplacing the ateam bubbles, provision must be m ri 
for d<'MCendinK currents in a cooler part of the boiler Th ^ 
prijicipUw are carried out to a greater or less degree in all well 
deiRKned boilers. When horizontal fire tubes are arranged inaiH 
of cylindrical nheUs there is often provided a central circulation 
»[)ace to attriu-t B concourse of the steam bubbles. Eapeciallv 
if* tiiid ncccwtary over furnace tubes where ebullition is rapid 
HtronK ifewcending currents in contact with the cooler shell sunnlv 
Ihc wat*tr ncccjitHary to continue the circulation. If the channel 
through which the circulation takes plmo is too narrow the proe- 
rcuji of the water ix arrested and the disengagement of ateam ia 
HCconipli»hed with violence. On the other hand if the circulation 
#pare» are too wide, local ascending and descending currents are 
(let up which int^'rfcn* with one another. A width of from three 
to four incht-H hoa Iwen found by experience to constitute a rea- 
Monable upace where the water velocity is not rapid. Over fur- 
nace tulK«, Hpaces from six to eight inches in width are required. 
The horizontal spaces between the surfaces of ordinary boiler 
tulwH are gonendly made from one to one and one-quarter inches 
in width. 

When any portion of the water in a boiler fails to participate 
in the general circulation, not only does that part cease to serve 
a« efficient steam-generating space, but its presence, moreover 
induces local stresacs in the structure of the boiler verj- great in 
amount. Such is frequently the case with the space below the 
furnace tuties in Scotch boilers. The water in this locality is in 
contact with the ash-pan sheets above and with the cool outer 
shell below. It is. therefore, more or less isolated in its position. 
The stresses set up in the furnace tul>cs are very severe, due to 
the fact that tlio upp<T half is in contact with the hottest part 
of the fire and the lower half with a body of comparatively cool 
water. 




CIRCULATION 

The property which certain waters possess of precipitating 
reediment at tempcrutures beiow boiling may be tinned to good 
I account in arranging tlie circulation. Mud drums may be so 
located as to entrap the deposit, its weight and centrifugal force 
[ tending to separate it from the current of water. In water- 
r tube boilers for instance the incoming feed is used to assist the 
I circulation in a downward direction through the rear headers. 
I A mud drum is situated at the lowest angle of the tubes where 
1 the motion of the water suddenly changes its direction. This 
s the logical location for such se<iiment catchers. A lai^e per- 
I centage of the feed-water impurities are thus thrown out of the 
I circulation. 




One of the heat examples of the use of special apparatus in con- 
I Btmining the circulation to follow definite paths is found in certain 
L types of Scotch boilers. The accompanying half tone illustrates 
f.% form of boiler manufactured by the International Engineering 
I Workfl, South Fnimingham, Mass. A horizontal drum of compara- 
■,tively small diameter is joined to the top of the main boiler by 
f flanged openings at the front and rear. The lower shell contains 
I two corrugated furnace tubes, numerous smoke tubes and a com- 



22 



BOILERS AND PRESSURE VE8SEI>! 



modious combustion chamber. The nornml watfsr level is omio- 
taiued a little below the center of the upper drum. In this 
manner abundant steam and water volumes are secured. To in- 
sure cirt'ulation underneath the furnace tubes an annular conduit 
is riveted to Ihe inside of the lower shell near its front end. All 
the descending currents from the upper drum pass through this 
conduit and are liberated at the very lowest point in the boiler 
t)etween the furnace tubes. In this manner all the water return- 
ing from the upper drum is constrained to pass through the space 
lielow the furnace tubes. A detailed description of this appara- 
tus is publisheil in Bulletin No. 7, issued by the above coneem. 

A test made upon one of these boilers at the Sewerage Pump- 
ing Plant, South Framii^hani, Mass., affords some interesting data 
in regard to temperatures. Four thermometers, installed in as 
widely separated portions of the shell as possible, were used to in- 
dicate the effectiveness of the circulating appliance. The specific 
location of the thermometers was aa follows: No. 1 just behind 
the rear connecting flange; No. 2 Just behind the front connect- 
ing Sange; No. 3 in the front head l>elow the furnace tubes; 
and No. 4 in the rear head below the combustion chamlwr. 
Observations were taken every five minutes for a period of several 
hours and the results plotteil. Starting with a cool boiler the 
water above the furnaces and tubes quickly reached the boiling 
point. As soon as steam began to Ije liberated the circulation 
commenced and the temperature beneath ihe furnace tubes aa- 
Buraed a figure but eight or ten degrees Fahrenheit below that of 
the hottest portion of the boiler. From this time on all four ther- 
mometers were within a very few degrees of one another. It was 
thus demonstrated that the conduits were effective guides to the 
circulating currents and caused the water in the boiler to be heated 
as a whole. Simpler forms of circulation apparatus such as de- 
flecting and baffle plates have been employed with good effect in 
many types of steam generators. 

While the effect of scale and incrustation upon the efficiency of 
a boiler is a matter of some dispute, there is no question of its 
effect upon the strength of the tulies and plate. Profes.sor E. B. 
Schmidt, in Bulletin No. 7 of the University of Illinois, Engineer- 
ing Experiment Station, concludes from a series of tests made by 
him upon the heat transference through boiler tulws coated with 
incrustation ranging up to one-eighth inch in thickness, that 
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Itbe loss in efficiency varies widely, refiching as a' maximum ten 
tor twelve per cent. The temperature of a boiler furnace often 
i approaches 2500" F. The safety of the metal in contact with 
I the fire depends upon a transmission of heat so prompt as to 
I keep the plates at a temperature but httle in excess of that of 
I the water in the boiler. With deposits of the thickness men- 
^tioned above, it is impossible for the circulation to reach the 
L metal and thereby keep it cool, A variety of ills arise from this 
I source, consisting of burnt and wasted plates, sagging slieeta 
raud leaky joints. The most available preventative for scale 
I formation, aside from pure feed water, is rapid circulation, 
I, combined with a prompt blowing out of the sediment as soon as 
settles. For this reason as well, therefore, the designer must 
t exercise great care in securing good circulation within the 
f boiler. 

11. Materials used in Boiler Design. — Nothing is more im- 
I port-ant in the design of a successful steam generator than the 
I skilful selection of the materials to be used. Low-pressure ap- 
Dparatus for steam and hot^-water heating is for the most part 
I made of cast iron, the different units or sections being connected 
Iby tapering thimbles nicely fitted and forced to place. 

Tbe temperatme of stejim at 250 pounds per square inch 
^ gage pressure is about 400° F. Adding to tliis a possible 
superheat of 200" F-, the temperature of high-pressure super- 
heated steam would reach the region of 000° F. The effect of 
Buch high temperatures upon the materials used in boiler con- 
struction has Ijeen the subject of much controversy' and ex- 
periment. The strength of wrought iron and soft steel is not 
Eeriously affected by temperatures below 900° F., although there 
F is ft marked diminution in the per cent contraction of area at 
rupture. Cast iron, while not influenced to any great degree 
Bl^ the temperatures mentioned above, is not a suitable metal 
Wlot boiler parts, Its low tensile strength, exceeding brittie- 
) and granular action under the operation of calking have 
Iciuiaed the American Boiler Manufacturers' Association and 
■others to exclude it long since from use wherever tensile stresses 
vexist. For special parts such as pipe flanges and the headers 
Bof water-tube boilers it is still used, when not in contact 
pjth superheated steam, for pressures Ijelow 1(10 pounds per 
I inch. On account of its UabiUty to corrosion, most 
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boiler rules prohibit the use of cast iron for the discs or seats of 
valves. 

The high pressures and temperatures used in power generatioa 
call for a material the chief property of which shall be ductility. 
While strength is a desirable attribute in the structure of any 
boiler, the varj-ing conditions of contraction and expansion, 
of shock and overpressure, and of corrosion and overheatii^ 
demand a material the toughness of which will endure rough 
usage and give abundant warniag before rupture. The high 
cost of puddled wrought iron together with its comparatively 
low tensile strength, have served to eUminate it largely from use 
in boiler shells. At the same time tht' modern advance in pt^el 
making, especially as regards toughness and homogeneity, has 
led to the wide adoption of this metal as the material best fitted 
for use in pressure vessels. With the accuracy now obtainable 
in determining and placing the carbon content of soft steel, the 
latter material may be forged and weldsd with all the reliability 
possessed by the best wrought iron. With the recent improve- 
ments in pressing and extruding metals, it may be fairly stated, 
that at present every part and portion of a steam boiler may )ie 
shaped from soft steel without adding inordinately to the ex- 
pense. When the cost must bo kept low, the modern methoda 
uf the steel foundry and annealing oven render the steel casting 
almost as homogeneous and ductile as the forging. Most 
boilers, therefore, for severe service and high pressure, are made 
throughout of soft steel. The larger and more important parts 
ore pressed to shape, either hot or cold, while the less important 
ones are made of well annealed steel castings. 

A copy of the requirements of the American Society for Testing 
Materials in relation to the steels U9e<i in the manufacture of 
boilers is appended at the end of this article. 

At one time copper was widely used for the furnace sheets of 
locomotive and vertical boilers on account of its ductility and 
immunity from corrosion. In the form of rolled plates, the 
tensile strength of copper is 30,000 pounds per square inch, its 
elastic limit one-half this figure, and the ultimate extension from 
40 to .50 per cent. Steel has largely supplanted copper for tliia 
purpose, however, because of its relative cheapness and ability 
to resist high temperatures. Beyond 500° F, the tensile strength 
of copper rapidly diminishes. The thickness of copper plates 
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^Teqmred to hold modern high pressures would, therefore, be 
profiibitive. Thin copper ferrules are widely used to make the 
joint between the tubes and tube sheets of locomotive boilers. 
The non-corrosive property of the copper permits a little flexi- 
liility of the joint while preventing leakage. 

For general purposes in boiler-feed piping and accessories 
various brass alloys are employed. Where the feed pipe enters 
the boiler a brass bushing should be used to withstand, as far as 
possible, the vibration of the feetl pump as well as to prevent 
corrosion. United States Navy composition, consisting of copper 
88 per cent, tin 10 per cent, and zinc 2 per cent, makes a good 
but expensive alloy for this purpose. Its tensile strength is 
about 32,000 pounds per t^quare inch and its ultimate elongation 
25 per cent. To resist the corrosive action of sea water in 
marine condensers and fittings, many alloys have been used. 
Tobin bronze in the form of plates and rivets may be readily 
forged at a red heat. Its component parts are copper 60 per 
cent, zinc 38 per cent, tin 1.5 per cent, iron 0.17 per cent, lead 
0.3.1 per cent. The tensile strength of Tobin bronze in the form 
of hot rolled rods is about 80,000 pounds per square inch and 
the elastic limit 50,000 pounds per square inch. In the form of 
plates the tensile strength is taken as 50,000 pounds per square 
inch and the elastic limit 30,000 pounds per square inch. 

For the cores of fusible plugs the United States Government 
Specifications call for the use of pure Banca Tin, the fusing 
point of which is about 445° F. This temperature is well in 
advance of that of saturated steam at the highest practical 
pressure. The use of lead for gaskets in the region of the fire is 
not to be recommended since its low fusing point, 025" F., renders 
it unsafe for such n purpose. 
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:AHDARD specifications for boiler Aim FIREBOX STBBL. 

Adopted Auffual 25, 1U13. 
RcPixed SiT)tanb<r 10, 1914. 

1. These speciltcations cover twu grades uf steel for builera, namely: 
flange and Grebo:(. 

I. M AN U FACT ORB. 

2. The atcel sboU be mode by the open-hearth proceaa. 
^^L U. Cbemicai. pROFEHTiEa AND Tbsts. 
^^Bs. The ateel shat! conform to the foUowing requirements 
^^^pipoutioD: 
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FlBiiite. 


Fir,b«. 










0.30-0.60 
not over 05 

•■ ■■ 0.0* 
" '■ 0.05 




phcphoru.jAS.'JI/S;;;:::; 


not over 0.04 
'■ ■• 0035 













52,000-62,000 

0,5 tens. str. 

1,500,000 



4. Ad (LDalysis shall be made by the manufacturer from a test ingot taken 
during the pDUring of each melt, a copy of which shall be given to the pur- 
chaacr or his repretteiitJitive. This aDalysia shall conform to the require- 
nienta specified in Section 3. 

5. Analysex may be made by the purchasers from a broken tension t«st 
specimen re]>resenting each plate as rolled, svhicli shall conform to the require- 
ments specified in Section 3. 

IIL Physical Properties and Tenth. 

6. (o) The material shall conform to the following requirements aa to t#Q- 
mte properties; 

Flsnta. Finboi. 

Tensile strengf h, lbs. per sq. in 55,000-65,000 

Yield point, mln. lbs. per aq. in. 5 tens, sir. 

Elongation in 8 io., mio. per cent 1,500,000 

(See Section 7) 1"""«' «"■• "-■"»■ »"■ 

(6) The yield point BJiall be determined by the drop of the beam of the 
testing machine. 

7. (a) For material over J in. in thickness, a deduction of 0.5 from the 
percentages of elongation specified in Section G (a) Hliall be made for each 
increase of ) in. In thickness above 1 in. 

(b) For material i in. or under in thickness, the elongation shall be 
measured on a gage length of 24 times the thickness of the specimen. 

8. (n) Cold-bend Trsla. — The test specimen shall bend cold through 
ISO degrees without cracking on the outside of the bent [lortion, as followB: 
For material 1 in. or under in thickness, flat on itself; and for material over 
1 in. in thickness, around a pin the diameter of which is equal to the thiokneM 
of the specimen. 

(i) Quench-bend Teats. — The test specimen, when heated to a li^t 
cherry red as seen in the dork (not less than 1200° F.) and quenched at onoe 
in water, the temperature of which is between S0° and t)0° F., shall bend 
through 180 degreeij without cracking on the outside of the bent portion, aa 
follows: For material 1 in. or undw in thickness, fiat on itself; and for ma- 
terial over 1 in. in thickness, around a pin the diameter of which is equal to 
the thiekneBa of the specimen. 

9. For lircbox steel, a sample taken from a broken tension test specimen 
shall not show any single seam or cavity more than i in. long, in either of the 
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r three tracturca obtamcii iu the test for homogeneity, which ahai! be mudi; as 

The epccimen shall be eithOT nicked with a ehisol or grooved on a muehine, 
tnuvjveraely, about j^ in. deep, in threo placoa about 2 ins. apart. The first 
groove shall be mode 2 ins, from the square end; each succeeding groove shall 
be made on the opposite side from the preceding one. The specimen shall 
then be firmly held in a vise, with the tirst groove i^Mut 1 in. above the jaws, 
and the projwting end broken off by light blows of a. hammer, the bending 
ImDg away from the groove. The apecimcn shall be broken at the other 
two groovw ID the same manner. The object of this test is to open and 
render visible to the eye any scaros duo to laiiure to weld up or to inten»oeed 
foreign matter, or any cavities due to gas bubblee in the ingot. One side of 

11 . e«ch fracture shall be examined and the lengths of the senms and cavities 

j^H^termined, a pocket lens being used if necessary. 



h ABOUT s' -4 , 



■f 



■'i'^^'i 



10. Tension and bend test specimens shall be taken from the finished 
KdM material. They shall l>e of the full thickness of material as rolled, 
Mtd shall be machined to Ihe form and dimensions shown in Pig. 1; 
Ih&t bend test specimens may be machined with l>oth edgrs parallel. 

11. (a) One tension, one cold bend, and one quench-bend test shall be 
e from each plate as rolled. 

(b) If any te«t specimen shows defective machining or develops flaws, it 
wy be discarded and another ^>ecunen substituted. 

(e) If the percentage of donation of any tension test specimen is leas 
n Section 6 (a) and any part of the fracture is ouuide the 
e third of the gage length, as indicated by scribe scratches marked on 
D before testing, a retest shall be allowed. 

IV. PERMiBeiBLE Variations in Weight and Gaoe. 
When Ordirrd to Gagt. — Thp thicJoiraa of each plate shall not vary 
,. under that ordered, 
the nominal weight corresponding to the dimensions on 
be allowed for each plalc. if not more than that shown ii 
table, one cubic inch of rolled steel lieing assumc<d to weigh 0.2833 lb.: 
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Allowablo exceu (ezprHaed m pmrwntatfit of ncMninal vvight). 



Thickness 
unlore<l. 

1 118. 



Nominal 
weight. 

I.bx. por 
8q. It. 



I l.'iider 
I SOinii. 



50 to 70 ins. 
ezcl. 



I to 

Si t<» 
A tj> 

4 
1 

I'l 
3 
H 

i 

•< 

It". 
% 

•I 

C)vc'r 



.1-! 
i 



5. 10 to 
0:^7 to 



G.37. 
T.Go' 



I 



7.G.> to 10.20! 
10 20 1 
12.75 
15 :iO 
17. So 
20.40 
22 05 
25 . 50 



10 

S. 



15 

12.5 

10 



100 to 1 115 ink 
115 ins. or 
1. i over. 




V. Finish. 

I'.i. The fini>Ii(Ml iiiatoriiil sh:ill bo free from injurioua dcfectB and shall 

lKiv(f 'J. workmanlike? finish. 

VI. Marking. 

14. The name or brand of the manufacturer, molt or slab number, gprade, and 
lowi'Ht tensile strength for it.^ ^rrade siu^eified in Section 6 (a), shall be legibly 
stamped on each plater. The melt or aliih number shall be legibly stamped 
on each test sj>ecinien. 



VII. Inspkction and Rkjection. 

15. The inspector representing the purchastT shall have free entry, at all 
times while work on the contract of the purchas<»r is being performed, to all 
parts f)f the manufacturer's works which concern the manufacture of the 
mate'rial ordered. The manufaertunT shall afford the insi)cctor, free of cost, 
all reasonable facilities to satisfy him that the material is being furnished in 
ae^eordance with these specifications. All tests (except check analyses) and 
insp(>ction shall be maele at the plaeu^ of manufacture prior to shipment, unless 
otherwise specifierd, and shall be so conducted as not to interfere unnecessarily 
with the operation of the works. 

10. (n) Unless otherwise specifie<l, any rejection ba.sed on tests made in 
accordance with S^'c.tiem 5 shall be n'porteel within five working dajrs from the 
receipt of samples. 

(h) Material which shows injurious defects subsequent to its acceptance 
at the manufacturer's works will be rejectcnl, and the manufacturer shall be 
notified. 

17. Samplers tested in accordance with Section 5, which n^prescnts re- 
ject e^d material, shall be pn»serv(Ml for two weeks from the date of the test 
report. In case of dissatisfaction with the results of the t<»sts, the manu* 
facturer may make claim for a rehearing within that time. 
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STANDARD SPECIFICATIONS FOR BOILER RIVET STEEL. 

Adopted Auffust 25, 1913. 
Revised September 10, 1914. 

A. REQUIREMENTS FOR ROLLED BARS. 

I. Manufacture. 

1. The steel shall be made by the open-hearth process. 

II. Chemical Properties and Tests. 

2. The steel shall confonn to the following requirements as to chemical 

composition : 

Manganese, per cent 0.30 to 0.50 

Phosphorus, " " not over 0.04 

Sulphur, " " " " 0.045 

3. An analysis to determine the percentages of carbon, manganese, phos- 
phorus and sulphur shall be made by the manufacturer from a test ingot 
taken during the pouring of each melt, a copy of which shall be given to the 
purchaser or his representative. This analysis shall conform to the require- 
ments specified in Section 2. 

4. Analyses may be made by the purchaser from finished bars represent- 
ing each melt, which shall conform to the requirements specified in Section 2. 

III. Physical Properties and Tests. 

5. (a) The bars shall conform to the following requirements as to tensile 
properties: 

Tensile strength, lbs. per sq. in 45,000 to 55,000 

Yield point, min. lbs. per sq. in 0.5 tens. str. 

Elongation in 8 in., min. per cent 1 .500,000 

Tens. str. 

but need not exceed 30 per cent. 

(6) The yield point shall be determined by the drop of the beam of the 

testing machine. 

6. (o) Cold-betid Tests. — The test npecimcn shall bend cold through 
180 degrees flat on itself without cracking on the outside of the bent portion. 

(6) Quench-bend Tests. — The test specimen, when heated to a light cherry 
red as seen in the dark (not less than 1200° F.), and quenched at once in 
water the temperature of which is between 80° and 90° F., shall bend through 
180 degrees flat on itself without cracking on the outside of the bent portion. 

7. Tension and bend test specimens shall be of the full-size section of 
bars as rolled. 

8. (a) Two tension, two cold-bend, and two quench-bend tests shall be 
made from each melt, each of which shall conform to the requirements specified. 

(6) If any test .specimen develops flaws, it may be discarded and an- 
other specimen substituted. 

(c) If the percentage of elongation of any tension test specimen is less than 
that specified in Section 6 (a) and any part of the fracture is outside the 
middle third of the gage length, as indicated by scribe scratches marked on 
the specimen before testing, a retest shall be allowed. 



30 BOILERS AND PRESSURE VESSELS 

IV. PERutseiBLE Vabiations in Oaoe. 

9. The gage of each bar shall not vary more than 0.01 in. from th»t 
Epecified. 

V. WoRRMAWBHip AND FnnsH. 

10. The finished barH shall be circular within 0.01 in. 

11. The finished bare shall be free from injurious defects and aball have 
a worknianlike finish. 

VL Marking. 

12. Rivet bars shall, when loaded for shipment, be properly separated 
and marked with the name or brand of the manufacturer and the melt num- 
ber for identification. The melt number shall be legibly marked on each 
test specimen. 

VII. Inspbction and Rxjection. 

13. The inspector representing the purchaser shall have free entry, at 
all times while work on the contract of tlie purchaser is being performed, U> 
all ports of the manufacturer's works which concern the manufacture of the 
bara ordered. The manufacturer shall afford the inspector, free of cost, all 
reasonable facilities lo satisfy him that the bars are being furnished in accord- 
ance with these specifications. All testa (except check analyses) and in- 
spection shall be made at the place of manufacture prior to shipment, unless 
otherwise specified, and shall be so conducted as not to interfere unnecessarily 
with the operation of the works. 

H. (o) Unless otherwise specified, any rejection baaed on tests made in 
accordance with Section 4 shall be reported within five working days from the 
receipt of samples. 

(b) Bars which sliow injurioua defects subsequent to their acceptance 
at the manufacturer's works will be rejected, and the manufacturer shall be 
notified. 

15. Samples tested in accordance with Section 4, which represent re- 
JBcteil bars, shall be preserved for two weeks from the date of the test report. 
In case of dissatisfaction with tlie ri^tulta of the tests, the manufacturer may 
make claim for a rehearing within that time. 



B. REQIHREMENTS FOR RIVETS. 



16. The rivets when tested shall conform to the requirements as to 
tensile properties specified in Section 5, except thai the elongation shall be 
measured on a gage length not leas than four times the diameter of the rivet. 

17. The rivet shank shall bend cold through ISO degrees flat on itself, aa 
shown in Pig, 2, without cracking on the outside of the bent portion. 

18. The rivet head shall flatten, while hot. to a diameter 2} times the 
diameter oS the shank, as shown in Fig. 3, without cracking at the edges. 
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I 19. (a) When specified, ono tension teat shall be made from each size in 
C*ch lot of riveta offered for inapeotian, 

(b) Three bend and throe flattening testa shall be made from each size 
in each bt of rivets offered for iospection, each of which shaJI cooTorm to the 
requirements specified. 




CZT' 



"■ - -Z3 



Fio, 2, 

II. WORKIL&NSHIP A 

20. The rivets shall be true to form, concentric, aiid shall be made 
workmanlike manner. 

121. The finished rivets shall be free from injurious defects. 
IBS 



iN'arBCTION AND REJECTION. 



22. The inspector repreaenting the purchaser shall have free entry, at all 
wh0c work on the contract of the purchaser is being performed, to all 
of the manufacturer's works which concern the manufacture of the 
rote ordered. The manufacturer shall afford the insjiector, free of cost, all 
reasonable facilities to satisfy hini that the rivets are being furnished in ac- 
eordftnoe with these specifications. All tests and inspection shall be mule 
*t the place of manufacture prior to shipment, uuleas otherwise specified, 
sh^ be BO conducted aa not to interfere unnecessarily with the opcr- 
of the works, 

. lUveta which show injurious defects subsequent to their acceptance 
e manufacturer's works will be rejected and the manufacturer shall be 
ificd. 

12. Factor of Safety. — Many of the conditions which must 
e considered in the selection of a factor of safety are mentioned 
: foregoing paragraphs. Liability to shock from water 
mmer, lack of homogeneity in the material, deterioration due 
\ corrosion, errors of workmanship, the interdependence of 
, the hazard to human life, and the prolmbility of severe 
1 summarize the principal reasons for care in choosing 
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the margin of safety for presjure veaeels. To these may be 
added stresses due to the method rf suspen^oa, especially in 
the case of locomotive boilers. 

There are two general methods of specifying the value for th 
factor of safety. First, a variety of factors may be stipulated 
some depending upon the length of time the b<riler has been in 
commission and others taking into account the peculiarities of 
certain types of design. To these should be added one general 
value for new work. This is the method adopted in general 
by the Federal and State Governments of the United States 
The second method consists of specifying one base value for all 
classes of work to which shall be added certain amounts deter- 
mined by age, faulty construction, poor design, and various 
stages of repair. These increments in the factor of safety- are 
cumulative and it is the plan to require so great a value for poor 
and dangerous constructions as to discourage their use. The 
Dominion of Canada pursues the latter method. 

The Massachusetts Boiler Rules have been used as a model 
by many states and adopted bodily by others. Their stipula- 
tions in regard to factor of safety are as follows: 

VoT nf^w boilf^ra 5. 00 

For stays anri dtay bolts (,ne\v work) 6 50 

For IhjWcth in the state at the time of the enactment of the 
rulcn hut not passing Massachusetts inspection, if used there- 
after, minimum factors of safety are to Ih^ jis follows: 

IVrtlfTs with lonKiturlinal lap joints not oxihichhI to i*i>mhustion 6.00 

lk>il#T« with lonRitUflinal la{) joints not over 3^) inchi^ in diameter but 

fXfKjw»r| U) rombiirttion 6. 00 

HfMfTA with ion^itiirJinal lap joints, over '6i\ inches in tlianieter and ex- 

f»fi«efl Uf cornhii.stion 8.00 

jitfiUTA with hiitt-strap joints not over 10 years old 4.50 

ji<rt]tTA with hiift-Mtrap joints over 10 years oM 5.00 

Th^ f''»t prr»«wiire is in all cases to be one and one-half times the working 

pr^^Miire. 

Thf \tm<' vn]\w for the C'anadian rule is 4.50 for boilers of ap- 
proved tlvnifi^u. 'i'o this is added a series of increments ranging 
from \.(H) for tlie ufwr of single-riveted lap joints to 0.70 for 
<Utu)i]r'nyt'Uu\ lap joints and 0.50 for triple-riveted lap joints. 
Viiriouw oMmt ]}t'unU'u'H are exacted ranging down to 0.07 for 
pf»or nWicutwui of fioles. The total factor with the worst possi- 
ble amimul/itidn of bad practice reaches 8.50, which compares 
favorably with iluit of the Massachusetts standard for longi- 



MASSACHUSETTS BOILER RULES 



33 



36 i 

KuBe 



tudinal lap joints when used upon externally firud boilers over 
36 inches in diameter. 

United States Federal rules do not specify an exact value for 
factor of safety but prescribe an elaborate set of limits for 
in conneclion with various materials and forms. These rules 
are contained in the manual published by the United States 
Supervising Inspectors of Steam Vessels. 

13. Massachusetts Boiler Rules. — The following is a brief 
summary of those portions of the Massachusetts Rules which 
directly affect the design of steam boilers. 

II. Boilers exempt from inspeclioQ: 
(a) Boilers of railro&d locomotives. 
(b) Boilers of motor rood vehicles, 
(c) Boilers in private residence. 
(J) Boilcra under juriadiction of tlie United States, 
(c) Boilers used for agricultural purposes only. 
(/) Boilers of l»»s than three horee-power. 
(s) Boilers used for heating purposes solely wlicn cquipi>cd with a 
district police lock pop safety valve set at 13 pounds or less, 
and having less thaD 4 square feet uf gral« surface. 
(A) Fire engine boilers temporarily in the statf during conflagrations. 
2. All other boilers shall be inspected when installer! and annually there- 
nftcs' by the Inspection Department of the District Police under supervision 
of the Chief Inspector of Boileis. 

3. Boilers shall be mode ready for examination upon fourteen days notice 
unless adjudged to be in a dangerous condition, in n'bieb case inune<liate dis- 
oanlinuance from service may be required. 

4. No insurance shall be effective upon any boiler installed after the 
enactment of these laws unless the boiler conforms to suiil standards. 

^^ 5. AH boilers shall be equipped with one or more fusible safety plu^ 
^Hbcfttcd as specified hereafter. 

^^V A. All boilers of special design shall be subjected directly to the Board 
^^Br spprovdl. 

The Massachusetts Boiler Rules are divided into three parts 
as follows: 

Past I, Rules applicable to boilers installed before the enact- 
ment of these laws. 
I Part II. Rules appUcable to all boilers whenever installed. 
■ pAHT III. Rules apphcable to lioUers installed after the 
enactment of these laws. 

Pakt I. 
AppliaihU (o boUert inslaiUd before the enactmenl of titae law*. 
r7i Tbe sUowablc working prcnurc for a shell or drum boiler aball be 
il by rcfnence to the tensile strength and ihickneM of the pUt^ 
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the efficiency of the longitudinal joints, and the diameter of the shelli the 
units being pounds and inches throughout: 



Pressure = 



Tens, str. of plate X Thickness X Eflf. of joint 
Liside radius of outer course X Factor of safety ' 



8. When unknown, the tensile strength shall be assumed to be 55,000 
pounds per square inch for steel plate and 45,000 pounds per square inch for 
wrought iron. 

9. Factor of safety for boilers with double-covered butt joints shall be 
assumed to be four and five-tenths (4.5). 

When unknown, the diameter of rivets shall be assumed as follows: 



Plate 




thickness. 


Aflflumed driven diam. of rivets. Ina. 


Ins. 




i 


a 


9 
12 


u 


A 


i 


a 


i 


i 


i up to and including 2 ins. pitch. 


1 


\l over 2 ins. pitch. 


a 


H 


in 


I up to and including 21 ins. pitch. 


A 


Ifj over 2} ins. pitch. 


u 


H 


i 


■H 


i"* 


li's 


5 
S 


hh 



10. The size of sufety valves, other than H[)ring loade<l, shall be governed 
by the pressure and grate area according to the following table: 



Maximum pressure 

allowed per square 

inch on the boiler. 


Zero to 
25poundi), incl. 


Over 25 to 
50 pounds, incl. 


Over 50 to 
100 pounds, incl. 


Diameter of Valve. 
Inches. 


Area of grate. Square feet. 


1 

u 
IJ 

2 

2i 
3 

3i 
4 

4} 
5 


1.50 

2.25 

3.00 

5.50 

8.25 

11.75 

16.00 

21.00 

26.75 

32.75 


1.75 

2.50 

3.75 

6.50 

10.00 

14.2,5 

19.50 

25.50 

32.50 

40.00 


2.00 

3.00 

4.00 

7.25 

11.00 

16.00 

21.75 

28.25 

36.00 

44.00 
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^^B II. T1>e eonilittons o( mBtallment for safety valves upon boilers in battery. 
^^pjflDonected tn a commoD st«am muin, jhall be such l^t low-prrasure boilers 

can never be titci dentally loaded with attain at a. pressure beyond the allowable 

amount. 

12. Each boiler shall have a blow-off pipe connected with the lowest 

Iikvailabk water space. 
Paht II. 
Applicable to aU boUeri whenever inataHed. 
13. The pressure allowed on a boiler oonstructed wholly of cast iron shall 
tot excMd 25 pounds per square inch. 
11. The pressure on water-tube boilers, the tubes of which are eecured to 
cast iron headers, shall not exceed ISO pounds per square inch. 

15. The crushing resistance of soft steel plate shall be t^ken as 96,000 
pounds per square inch of projected area. 

. The shearing strength of rivets per square iuch oT sectional area shaU 
e taken aa follows: 

Lba. 

Iron riveto, single shear 38,000 

Iron rivets, double shear . 70,000 

Steel rivets, single shear 42,000 

St«el rivets, double shear. , 78,000 

'. The lowEst factors of safety useil for boilers, the shells or dniins of 
pliicli are exposed to|thc products of combustion and the longitudinal joints 
~ which are of lap-rivct«d construction, shall be as follows: 
(fl) Five (5) tor boilere not over ten years old. 
(6) Five and five-tenths (5.5) for boilers over ten and not over fifteen 

years old. 
(c> Rve and seventy-live hundredths (5.75) tor boilera ova- fifteen 
and not over twenty yearn ohl. 

(d) Six (6) for boilers over twenty years old. 

(e) Five (5) for boilers the longitu<linal joints of which are of lap- 
riveted construction and the sheila or drums of which are not 
exposed to the products of combustion. 

18. Each boiler shaD have one or more safety valves. 

IB. The UUP of sprinK-loaded safety valves shall be deterTnined by refer- 
ptcv to the pressure and grate area of the boiler, according to the table c» 
'" e fallowing page. 

20. The conditions of imrtallment for ^ring-loaded safety valves upon 
t in batterj', connected to a common steam main, shall be mch that 

low-preMUre boilers can never be accid«itally loaded with steam at a [ncanire 
b^tmd the allowable limit- 

21. When conditions exceed those in the above table, spring-loaded saTe^ 
valves shall be i-al^-nUtjil by the followit^ formula, the units being as stated: 
... 770 X Lbs. «at«T evap. per m. ft. of Krate per sec- 
Area ol valve, «q. m. - — - — i:^- r — - . ..i " ■.. ^ 

Abs. priiisiii. at which valve is to blow, Ibe. sq. in. 
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Z«roio"B 


Over IS to 






Over 150 u 


OvM-300 


mob OD tbe Inilar. 


inol, ' 


^rr^- 


100 gmn , 


IS) pound.. 


^frr- 


Diuijelw d( vmlvd. 
Incbw. 




A«.o(o*l- 


AlUEr.h» 






J 


2.00 


250 


2.75 


3,25 


3,50 


3,75 






4,00 


4.25 


5 00 


5.50 




u 


4..W 


550 


600 


7 25 


8 00 


850 




8.00 


9.75 


10 75 


13.00 


14.00 


15 00 


2! 


12.50 


15,00 


16 50 


20,00 


22,00 


23 00 


3 


17.75 


21.50 


24.00 


29.00 


31. M 




3J 


24 00 


29.50 


32.50 


39,50 


43 00 


45.25 


4 


31 50 


3S.2^ 


42.50 


51.50 


56,00 


59 00 


41 


40-00 


48,50 


53.50 


65,00 


71,00 




5 


49.00 


60.00 


66.00 


80,00 


88.00 


92 25 



22. The combined areoa of aeveral safety valves whca used shall conform 
to the requirements of the above table. 

23. Sikfety valve connections and escape pipes aball be full size throl^nut 
and no valve of any kind shall be placed bi'tween the safety valve and the 
boiier nor on the escnpe pipe between the safety valve and the atmosphere. 
Ail escape pipes aball be fitted with an open drain. 

24. Safety valves having either seat or disc of cast iron shall not be 

25. Safety valvca hereafter installed on boilers BhaU not exceed five (5) 
inches in diameter, shall be spriug loaded with seat at about forty-five (45) 
degrees to the center point of the spinille and shall be designeil with a liftinK 
device so that the disc can be lifted from its seat not teas than one~eit;hth (|) 
the diameter of the valve with the pressure at seventy-five (75) per cent of 
that at which the safety valve is set to blow. 

26. FumWc plugs shall be filled with pure tin. 

27. The least diameter of fusible metal shall not be less than one-half (() 
inch, except for working pressures of over one hundred and seventy-five 
(175) pounds, or when it is necessary to ■ " 
which cases the liraat diameter of fusible u 
eighths (i) inch. 

28. Each boiler shall have one or moi 
project through the sheet not less than o 

(d) Horizontal return lubular boilert — in rear heatl not less than two 

(2) inches above upper surface of top row of tubes. 
(6) Loeomotive type btrilers — in the highest jJart of the crown sheet. 

(c) Vertical fire-luhe boiUrt — in an extra heavy outside tube not IcM 

than one-third (J) the tube length above lower tube sheet. 

(d) Vertical lubinergcd tube sheet bailer — in upper tube sheet. 

(e) Wnter-lube boHert loilh horiamlal rfrumt — in upper drum not lev 

than six (6) inches above the bottom of the drum over the first 
pass of the flameH. 
(J) Scotch marine boilers — in combustion chamber top. 



e fusible plugs of length sufGcient to 
ae (1) inch and located as foUowa: 
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(g) Dry-back Scoleh batters — in rear head not Less than two (2) incbcB 
above the surfsce of the upper row of tubes. 

(&) For other typ<« and dcaigoB fusible plugs shall in general be placed 
St the loweet pcTmiseible watw level, in the direct path of the 
flsiuee, as Dear the primary combustioQ cbajnber as possible. 



u gage connected by siphon with T-handle 
a jiressure not less than one and one-half ( 1 ) ) 



29. Each boiler shall have a 
^ut-oS cock, the gage to read to a 
iiin«s that allowed for the boiler. 

30. £iu?h boiler shall have at least one (!) water glass the lowest visible 
part of which shall be above the level of the fusible pluK. In addition two (2) 
or morv g»ge cocks shall be provided for boilers whoec maximum presure does 
not mcecd twenty-five (25) pounds per square inch, the same to be located 
within the visible range of iJie water glass. In the case of boilers designed 
for mure than twenty-five (23) pounds per square inch pressure, three (3) 
gage cocks shall be employed, the location to be similar to those specified 

31. Each boiler shall have a fe«! pipe fitted with a check and stop valve, 
the latter to be placed between the check valve and the boiler, and the feed 
water to discharge below the lowest safe water Une. 

32. A boiler having one (1) a()uare foot of grate surface shall be rated at 
Ihrve (3) borBe-powCT when the safety valve is act to blow at ova twenty-five 
<25) pounds prewure per square inch. 

33. A boiler having two (2) square feet of grate surface shall be rated at 
e (3) liorae-powcr when the safety valve is set t« blow at twenty-five <25) 

B prenure per square inch, or less. 
M. HydroalAtic pressure test shall not excieed one and one-haU (1|} ti 
~ie wtvking prcasure except in the case of pipe boilers and boilers permitted to 
cany not over twenty-five (25) pounds ptx square inch. In such cases twice 
the working pressure may be employed. 

35, The efficiency of any type of riveted joint shaD be determined as 

to failure per unit length of jwnt 




Strength of stJid phite per u 



ApphrabU lo boOm HufaOeil after the 



of Ikete laam. 

1^38. Tlte materiaJ used for platex and rivets in the conatrtiction of steel 
r drums of txalefs &hall be as specified by the American Society for 
g Materials, 

i casting in bailer parta shall have not iem than fiTty tbouaaitd 
B^OOO) pounds per square inch tensile strength, 
f ,38. Ctfgt iron when pomitted in boiler parts shall have not len Umt 
d (1S,000) pounds per square inrii l«Baik alrancth. 
. Ooas pqiea, mod and water drums, and all other oanncctiana when 
Uiv pressure exncda one hundred and sixty (160) pounds pa square inch ahall 
be of wrou^t cc cMt atecL 
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4(). Prcsaiire porta of superheaters, whether attached or separately fired, 
shall be of wrought or cost steel when the working pressure exceeds fifty 
(50) pounds per square inch. 

41. Boiler and superheater mountings shall be of wrought or cast Bte«l 
when exposed to steam which is superheated over eighty (80) degrees Fahren- 
heit. 

42. Waterlegj and door-frame rings ot vertical boilers thirty-eix (36) 
inches or over in diameter aliall be of wrought or cast steel or wrought 

43. Waterleg and door-frame rings of loconiotive-typc boilers shall be of 
wrought or cast steel or wrought iron, 

44. The working pressure of new boilers shall be baaed on a factor of 
safety of five (5). 

45. The tube sheets of horieontal return tubular boilers not over thirty- 
six (36) inches in diameter and designed for not over one hundred (100) 
pounds per square inch pressure may be stayed by steel angles or T-b&n) 
riveted to place, the above angles or T-bars to be calculated as uniformly 
loaded beams with a, fiber stress not exceeding sixteen thousand (16,000) 
jHiunds per square inch. 

46. The longitudinal joints of a boiler the shell or drum of which exceeds 
thirty-dx (30) inches in diameter sliall be of butt and double strap con- 
struction. 

47. The longitudinal joints of a boiler the shell or drum of which does 
not exceed thirty-sis (3(1) inches in diameter may be of lap-riveted con- 
Btmction, and the working pressure on such shells shall not exceed one hun- 
dred (100) pounds per square inch. 

48. AU longitudinal joints of horitontal return tubular boilers shall be 
located above the fire hne of the setting. 

49. Longitudinal joints shall not have a continuous length of over twelve 
(12) feet. All shell plates shall be of the same gage with a minimum of one- 
fourth (i) inch. 

50. The minimum thickness of shell plates shall be as follows: 



When IhB .liauiaUir <>[ .ibell •> - j 


undat. 


iDclMincluiuva. 


iiwh» inclunvs. 


o^n-.^^. 


li«=h 


I*, inch 


linch 


j inch 



51. The minimum thickness of butt straps shall be determined by tba 
following table, Btru|is to be accurately rolled to form: 
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Thick nwwot ' 


Minimum thick- 


Thickoen ot 


Minimum thick- 


■hallptaUa. 


IM88 of butt straps. 


■bell platas. 


ness of butt straps. 


Ins. 


Ins. 


Ids. 


Ins. 


i 


i 


U 


A 


A 


i 


A 


A 


A 


. I 


i 


J 


H 


i 


i 


J 


i 


A 


i 


1 


ii 


A 


I 


i 


A 


i 


H 


i 


a 


i 


U 


i 


} 


A 







52. The minimum thickness of tube sheets shall be as follows: 



When the diameter of tube sheet is — 


42 inches or 
under. 


Over 42 to 54 
inches inclusive. 


Over 54 to 72 
inches inclusive. 


Over 72 inches. 


i inch 


A inch 


i inch 


/j inch 



53. The minimum thickness of a convex head shall be determined as fol- 
lows, all units being in inches and poimds: 

_- . , _ Half radius of convex ity X Fac tor of safety X W ork, pressure 

Tens. str. of material 

54. The thickness of concave heads shall be one and two-thirds (If) times 
that of the corresponding convex heads and a factor of safety of five (5) 
shall be used in such calculations. 

55. Ck)nvex or concave heads with a manhole opening shall have a thick- 
ness at least one-eighth (J) of an inch greater than that calculated above. 

56. Convex or concave heads with a manhole opening shall have the flange 
turned inward to a depth of not less than three (3) times the thickness of the 
head. 

57. The spacing of stay bolts with riveted heads for use with flat plates 
or cylindrical furnace sheets of internally fired boilers in which the external 
diameto* of the furnace is over thirty-eight (38) inches shall conform to that 
given in the following table: 
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rhioi 
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pU. 
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•qiuirameh. 




luiinum pitch o( 










■toybolu. lu. 




100 


6 


Si 


7 


7 


8 








no 


5 






7 


K 
















7 


7 




S 




125 








7 


7 




8 




130 




£ 







7 




8 




140 








6 


6 


7 
















I) 




6 


7 




7 


81 


160 






5 


S 




6 


fi 




7 


S 
















li 




7 












h 




6 






7 




190 






4 


fi 




fi 




fl 




7 


7 


200 








3 




5 




6 




6 


7 


225 








S 


.S 




6 






250 






41 


5 




5i 


5 


61 


300 


M 


4 


44 


_1 






5 


61 



Corrugated or rcinforceii furnace tubes arc not amenable to the dimensioaa 
given in the above tabic. Stay bolts adjacent to furnace doors or other 
fittings, where the allowable |>itch is not over five and one-half (51) inches, 
may have an inerfased pitch of not over one (1) inch, 

58, An internally fired boiler, in which the external diameter of the furnace 
is thirty-eight (38) inches or leas, except a corrugitU^ or reinforce<l furnace, shall 
have the furnace sheet supiiiirtnl hy ut Icn^t one row of stay bolts, the circum- 
ferential pilch of which shall nut exceed that Riven in the followinf; table and 
the minimum outside diamct^T of stay bolts shall be as given in the table of 
paraRTUph 59. 

CIRCUMFERENTIAL PITCH OF STAY BOLTS. 





p„»..™.l.„..d.„,. 


,'u,™ 


100 110 120 125 130 




Cireumferanlial uitch ol Muj- bolH, in 


ilnol. 

f, ioch .... 


4! 4! 41 4i 4i 
s! 51 51 5 5 




59. The longitudinal pitch of stay bolts on the furnace sheet of an internally 
fired boiler, in which the external diameter of the furnace is thirty-eight (38) 
inches or leas, except a corrugated iir reinforced furnace, shall not exceed that 
given in the following table: 
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LONGITUDINAL PITCH OF STAY BOLTS. 



External diameter of 
furnace not exceed- 
ing 20 inches. 



Thickness of furnace 
sheet i inch. 



External diameter of 
furnace not exceed- 
ing 26 inches. 



Thickness of furnace 
sheet I inch. 



Thickness of furnace 
sheet ff inch. 



External diameter of 
furnace not exceed- 
ing 32 inches. 



Thickness of furnace 
sheet i\inch. 



External diameter of 
furnace not exceed- 
ing 38 inches. 



Thickness of furnace 
sheet 3^8 inch. 



Preasure, in pounds per square inch. 



100 



no 



120 



125 



130 



140 



150 



175 



Longitudinal pitch of stay bolts, in inches, not to exceed — 



121 



101 



8» 



8 



7i 



7i 



61 



5i 



Diameter of stay bolts over threads shall not be 
less than three-fourths (f) inch. 



Pressure, in pounds par square inch. 



100 



no 


120 


125 


130 


140 


150 



175 



Longitudinal pitch of stay bolts, in inches, not to exceed — 



6 


51 


4* 


41 


• • • • 





7i 



Diameter of stay bolts over threads shall not be 
less than three-fourths (|) inch. 



151 



14} 


121 


111 


lOi 


9 


8 



5} 



Diameter of stay bolts over threads shall not be 
less than seven-eighths (J) inch. 



Pressure, in pounds per square inch. 



100 



no 



120 



125 



130 



140 



Ivongitudinal pitch of stay bolts, in inches, not to exceed — 



Hi 



9} 



8i 



7i 



6 



Diameter of stay bolts over threads shall not be 
less than seven-eighths (}) inch. 



Pressure, in pounds per square inch. 



100 



no 



120 




130 



Longitudinal pitch of stay bolts, in incho!). not to exceed — 



Si 



51 






Diameter of stay bolts over threads shall not be 
less than seven-eighths (J) inch. 



42 B01LER.S AND PRESSURE VESSELS 

60. Wlien the bogiludinal joint of the tumace sheet ot a fire-tube boiler 
is of lap-rivet«tl construction a stay bolt in each row shall be located as ae&r 
the joint as possible. 

01. The upper segment of heads ot horiiontal boilers more tlian thirty-six 
(_m) inches in diameter shall l)e stayed by welded or weldlcss mild stoel or 
wrought iron through slay rods or diagonal braces. 

62. Horizontal return tubular boilers having a manhole below the tubes 
shall have one or more stays on each side of the manhole, the rear ends of 
which shall be attached to the rear head of the boiler, and the front ends shall 
pass through the front head and shall be secured with nuta inside and out. 
The center line of such stays at the front head shall not bo below the center 
line of the manhole. 

63. Stay rods shall not exceed three (3) feet in length when screwed through 
the sheets and riveted over. 

64. The maximum allowable stress per square inch of stays and stay bolts 
shall be as follows, the same to be based upon a factor ot safety of at least nx 
and ()ve-tenths (6.5). 

STRESSES IN STAYS. 


UsUirial BDd typa. 


SiwuptOBDd 


KnoTer It iu. 
oquivsJent 


Weldless mild steel head to head or throughatays 
Weldleas mild steel diagonal or crowfoot stays. . 
Weldless wrought iron head to head or through 


Lb«, sq. iiui, 
8000 

7500 

7000 

6500 
6000 
6500 


9000 
8000 

7500 

7000 
6000 
7000 




Welded mild steel or wrought u-on stays 




e&. Stay bolU ehaU be threaded with United States standard threads 
either ten (10) or twelve (12) to the mch and their strength shall be based 
upon their root area and the allowable fibre streases given in the above table. 

reference to the working pressure, inside diameter, factor of safety and tenule 
strength of cast iron, tlie unite being pounds and inches throughoutr 

Thiok„« . '^"" " 'l^' 3'"™"!-' + 0.5. 

The above expression is based upon the tensile strength of eighteen thousand 
(18,000) pounds per square inch previously recommended for cast iron and a 
factor of safety ot twelve (12). 
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67. When the pressure exceeds one hundred and ihirty-five (135) pounds 
pa sq. in., the thicknese of cast iron pipe flanges shall be Dot leas than that 
«f)e<ufied by the Manufacturers' Standard tor High Pressure. 

68. Joint Iap6 shall be not less than one and one-half (U) limes the diameter 
of the rivet hole. 

69. Rivet holed shall be eith^ drilled full site from the solid with platee, 
' buU-etr^ie and heads bolted in position: or they may be punched not to ex- 
EsMd Mic-fourth (l) inch less than full size for plates over five-sixteenthe ii\) 
|iBcb in thickness, and one-eighth (1) ineh less than full sice for plates not ex- 

ig fiv&^Kteenths (■ff) inch in thickntcs. and then drilled or reamed to 
■'ToU sue with plates, butt-straps and heads bolted up in position. 

70. Tube hotca shall be drilled full siie, or they may be punched not to 
d one-half ( ) \ inch less than full siie, and then driUed. reamed or finished 
nze with rotating cutler, the edges of the holes being chamfered to a 

dius of about one-sixteenth (,^) inch. 

. A file-tube boiler shall have the ends of the tubes eubstanlially beaded. 

72. The ends of all tubes, suspension tubes and nipples shall be flared 
not less than one-eighth (J) inch over the diameter of the tube hole on all 
water-tube boilrrs and superheaters. 

73. The ends of all tubes, suspension tubes and nipples of water-tube 
boilers ami superheaters shall not project through the tube sheets or hcaderi 
Itsa than one-fourth (1) inch nor more than one-half (iJ inch. Separately 
fired superhealera shall have the tube ends protected by refractory material 
where they conneet wiUi drums or headers. 

74. An opening in a boiler for a threaded pipe conoecttan one (1) inch in 
over (except water column ronncelions) shall not have !'"« than 
a number of threads in such opening, as shown in the following 



THREADS IN PIPE OPENINGS. 



fe«S,.-fi.~ 


,^H 


lluxll 


.as;. Ji^u 


Tud» 


ImBdlO 


a 


!«=.— 


lit 


III 






• 


■ 


ihrMd. t«)tund ID 


1 


T 


• 


„ 


„ u 


tin abon uwnhw 


- 


».<« 


0J» 


... 


,» 


,- ^ 



If the thickneai of liie material in the bailer is not mfficieat to f^ve siieh 
number of threads, there •>haU be a tUndlsrd commercial pmed steel flange, 
broD»e compositkin flange, cart steel flange or Kteet |4ale. anfaMantially 
riveted to the boiler, so as to give the required number of threads. A mMa 
steam or safety valve openmg may be fitt«d trith either a eaal steel, e^ 
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iron or bronze composition nozzle, and a feed-pipe connection may be fitt«cl 
with tt brass or steel boiler buahing. 

75. An ellipticat manhole opening shall be not less tbsa eleven (11) by 
fifteen (15) inches in siie. 

A circular manhole opening shall be not less than fifteen (15) iochee in 
diameter. 

76. There shall be a manhole in the upper part of the shell or head of a fire- 
tube boiler over forty (40) inches in diameter, citcept a vertical fire-tube boiler. 

77. A manhole frame shall be of wrought or cast atcel, and shall have a, net 
oroBs-scctional area, on a line parallel to the axis of the shell, not leea than 
the crofis-sectional areas of shell plate removed on the same line. 

78. Manhole frames op shells or dru:ns shall have the proper curvature, 
and on boilers over forty-eight (48) inches in diameter shall be riveted to the 
shell or drum vith two rows of rivets. The Btrenglh of the rivets in shear 
shall not be less than the tensile .strength of the shell plate removed, on a line 
parallel to the axiu of the shell, through the center of the manhole. 

79. Manhole covers shall be of wrouglit or cast steel. 

80. A manhole shall be located in titc front head, below the tubes, of a 
horiiontal return tubular boiler sixty (60) inches or over in diameter. 

81. A manhole or handhole shall be located in the front head, below the 
tubes, of a horizontal return tubular boiler less than sixty (60) inches in 
diameter. 

82. A handhole shall be located in the rear head of a horizontal return tubu- 
lar boiler, below the tubes, except one which has a manhole in the front head, 
below the tubes. 

S3. A locomotive type boiler shall have not less than six (6) handbolee, 
located as follows; 

One (I) in the rear head, below the tubes. 

One (1) in the front head, at or about the line of the crown sheet. 

Four (4) in the lower part of the waterleg. 

Also, where possible, one (I) near the throat sheet, 

84. A vertical fire-tube boiler, except the boiler of a steam fire engine, 
shall have not less than four (4) handholes, located as follows: 

One (1) in the shell at or about the line of the crown sheet. 

One (1) in the shell at or about the line of the fusible plug, except a verti- 
cal fire-tube boiler having a manhole lu the shell or head, through which the 
fusible plug is accessible. 

Two (2) in the shell at the lower part of the waterleg. 

85. A vertical fire-tube boiler of a steam fire-engine shall have not leas 
than three (3) brass washout plugs of not less than one (1) inch pipe site, 
screwed into the shell and located aa follows; 

One (1) at or about the line of the crown sheet. 

Two (2) at the lower part of the waterleg. 

8<l. There shall be not less than one (1) inch of solid plate in the clear, 
inside and out, around a handhole opening in a boiler; except that on a stay- 
bolted surface seven-sixteenths dV) inch thick or over there mIihU be not 
less ttian one-half (}) inch of solid (ilatc in the clear, inside and out, around 
a handhole opening. 
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87. A horizoDlal return tubular boiler over seven ty-cight (78) incbca in 
f shall b« su|iported, iniie|)tn(lenl of the boiler aidc-walls, from steel 

higB by ihe outside suspended lyjK' uf setting; where three (3) supports are 
uecresary on each side of a boiler, an equalizer shall ho used. 

88. A horizontal return tubular boiler ovi^r fifty-four (54) inchee in diuni- 
et«r, and up to and including seventy-eight (7S) iDehea in diameter, shall be 
EUpport«d by the outside suspended type of setting, or by not leas llisn tour 
(4) »I«el or cast iron brackets on each side, act in pair». 

8S. A horizontal return tubular boiler up l« and including fifty-four (54) 
iocbre in dianielcr shall bu supftorlcd by the ouldide suspetided type of setting, 
or by not less than two (2) etecl or cast iron brackets on each side. 

00. Supporting lugs or brackets shall have the proper curvature and be 
BCurdy riveted to the shell. The shearing streia on the rivets shall not exceed 

|)it (S) pa e«nt of the ultimate shearing strength given in Part II of these 

, The upper surface of the fire-grate of an internally fired boiler of the 

n bottom locomotive, vertical fire-tube or similar type, shall not be below 

t water space in the waterleg, except where the rivets at the bottom of the 

g are protected from the action of the fire and products of combustion. 

. Wct-bottoni boilers ^all have a clear space of not leas than twelve 

!] inchm between the bottom of the boiler and the Hoor line. 

03. The feed water shall discharge above the tubes, about three-fifths { j) 

* length of a horizontal return tubular boiler from the front head (except 

t boricontal return tubular boiler equipped with an auxiliary feed-water 

heating and circulating device), and at or about the central rows of tubca 

when the diameter of the boQer exceeds thirty-six (36) inchee and the prceHure 

allowed exceeds twenty-five (25) pounds per square inch. The feed pipe 

■hall be carrinl through the head or shell with a brass or steel boiler bushing 

(or the opening reinforced), and securely fastened iniide the shell above the 

M. Feed water shall not be discharged in a boiler in close proximity to riv- 
eted joints in shell or furnace sheets. 

95. The maximum size of a sutfaoe blow-o& pipe shall not exceed one 
utd onc-hiUf (U) inches, and it shall be carried throu^ the shell or bead 
with a braw or ateet boiler brushing, or the opening reinforced. 

96. Each boikr shall have a bottom blow-of! pipe, fitted with a valve or 
eock, in direct connection with the lowest wattr apaee practicable; the mini- 
nnnn nse oS pipe and fittings shall be one (1) inch and Ihe manmuni siie 
■hall be two and one-half <3{) inches. Globe valves shall not be used. 

97. A botl«m blow-oS pipe shall be protected from tlie products erf com- 
bustion by a fire-brick casing, substantial cast iron removable sleeve, or 
oovoing of ncm-cunducting maleriaL 

BS. The minimum size of pipea connecting the water cohimn of a boiler 
dwn be one (I) mch. 

W. The Eteam conneclioas to t)ir watir colunm of a horizontal return 
tubular boiler ftluiU Ih- taken from the top of shell or the upper part of head; 
thi> watei Fonnrrtion shall be taken Emm a poiDt aot leas than «iz (6) inchea 
below the center line of the dicll. 
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100. The lowest factors of safely to be iiaed in calculating the □ 
iillowable pressure on boilers which were in this Commonwealth on or before 
the enactment of these rulea, and which are not Maesachusetts Standard, or 
which have nut been passed by joint inspection, if hereafter inatalled, shall 
be as follows: 

(a) Six (6) for boilers the longitudinal joints of which ore of lap-riveted 
construction, and the shells or drums of which ore 7io( exposed to the products 
of combustion. 

(6) Six (6) for boilers the longitudinal joints of which are of lap-rivet«d 
construction, and the shells or drums of which ore exposed to the products of 
Dorobuslion, diameters up to and including thirty-six (36) inches. 

(c) Eight (8) for bailers the longitudinal joints of which are of bp-riveted 
construction, and the shells or drums of which are exposed to the products of 
combustion, diameters over thirty-six (36) inches. 

(d) Four and five-lenths) (4.5) for boilers the longitudinal joints of which 
are of butt- and doublc-atrap construction, age not exceeding ten (ID) years. 

(e) Five (S) for boilers the longitudinal joints of which are of butt- and 
double-strap construction, age over ten (10) years. 

The hydrostatic pressure test on such boilers shall be one and one-half ( 1 J ) 
times the maximum allowable pressure obtained by using the above factors 
of safety. 

14. Lined Tanks. — In order to preveot destructive corrosion 
on the interior surfaces of tanks and pressure vessels, various 
linings, more or less insoluble in character, have been employed. 
The metals most generally used for this purpose are copper, 
lesid and silver. Moncl metal, an alloy consisting of 72 per cent 
nickel, 1.5 per cent iron and 2(i.5 per cent copper, is also well 
adapted to form non-corrosive linings for mine and sea pumps. 

There are two general methods by which the above linii^s are 
applied. First, a liner or sleeve of the non-corrosive material 
may be accurately shaped and forced to place. Second, an in- 
terior coating of the insoluble metal may l>e brazed or soldered 
directly to the outer shell. Copper and hard alloys are the ma- 
terials best fitted for forced liners. There is just enough duc- 
tility to such bushings to permit tight fits around pistons and 
valves and thereby prevent leakage. When cold-rolled there is 
sufficient density to such metals to resist percolation through their 
pores at very high pressures. Consequently, copper and alloy 
liners, forced or rolled to place, frequently form the linings of 
hydraulic cylinders, serving in a double capacity to prevent both 
corrosion and leakage. When necessary the ends of such sleeves 
may be hermetically brazed to the exterior cylinder walls. 
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Soft linings such as those of lead, silver or thin copper are 
generally soldered or "sweated" to place. The inside surface 
of the shell must first be thoroughly cleansed hy sand blast or 
otherwise, and given a preliminary coating of the solder or 
other flux to \>e used. The latter process can often be beat ac- 

tmplished by heat appUed from the outside of the tank. NeJtt, 
lining itself, fashioned to a fair lit and given an exterior 
coating of flux, is inserted in the tank. Air pressure at 100 
pounds per square inch or more is then introduced inside of the 
lining and instantly causes the latter to take the interior shape 
ai the tank. Rivet beads and over-lapping plates present no 
Bfficulty to this process provided the lining is thick enough to 

etch over such irregularities n-ithout rupture. To be certain 

lat the air pressure is confined within the lining, the latter 
must be soldered to the inlet pipe. When the outer shell con- 
tains uncalkfd riveted joints there is generally sufficient vent 
through them to let out the air imprisoned between the Uning 

id shell. When of one piece it may be necessary to pierce 

le outer shell by small holes for the above purpose. 

It next remains tu hcut the tank from without to a degree 

sufficient to insure the complete union of the shell and lining. 

The desired temperature can best be determined by noting the 

time at which a piece of the flux-metal fuses upon the outside 

the tank thus indicating the necessary degree of heat within 

id preventing injury to the lining. Such tanks are of great 
the processes of refrigeration, rendering and reclaim- 
ing, as well as for many purely chemical operations carried on 
in the arts. 



CHAPTER II. 

STRESSES IN PRESSURE VESSELS. 

Theoretical formulse for the determination of stresses in ves- 
sels subjected to pressure may, in general, be grouped under 
three heads, 1°, Spheres, 2°, Cylinders, and 3°, Flat plates. Under 
spheres should be included the segments of spheres as used for 
the ends of cylindrical pressure vessels. Spheres and cylinders 
may have thin or thick shells and be subjected to either internal or 
external pressure or both. Flat plates may be of different shapes, 
either supported or fixed at the edges, or the plate may be con- 
tinuous and supported at a system of points. 

Stress formulae may be derived from a purely theoretical dis- 
cussion, or the form of the equation, in so far as the variables are 
concerned, may he obtained from such a discussion and used in 
connection with an experimental constant. The practice of de- 
termining dimensions from a purely empirical equation, based on 
designs which have not failed, is not to be recommended. In any 
event the designer must appreciate the assmnptions upon which 
his formulae are based, and the limits within which they may be 
used with a reasonable d^nree of assurance. 

Since formulae may l>e deduced with reference to either appar- 
ent or tnte stresses, a clear understanding of these terms is essen- 
tial. Throughout the following discussion the term stress will be 
taken to mean an internal force. That is, if a body be subjected 
to external forces or loads, the stress is that force which particles 
of the body on one side of a cutting plane exert upon the particles 
on the other side. Strain is the deformation of the body due to 
the application of external forces. An apparent stress is one de- 
termined by the principles of statics, the body being assumed to be 
perfectly inelastic. The portion of the body on one side of the 
plane at which the stress is desinxl is taken as rigid. The un- 
known internal force or forvvs at tlie plane form part of the s>'stem 
o[ forces acting on this portion and may be found by applying the 

4S 
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conditions of wiuilibriuna. The criterion of safety in this case is 
that the worklog stress ahull not exceed a certain fraction of the 
ultimate strength of the material. Expressed algebraically 

, _ Ultimate strength 

/-«idn< ^ Factor of safety ' 

A true stress is one which corresponds to a str^n. The term 
true stress will be used for convenience. It must Ite borne in 
mind, however, that such a stress is not a stress in the sense of 
the definition given aljove. True stresses are those which would 
be required to produce the given strains, provided the elastic 
Kmit of the material be not exceeded. The elastic properties of 
the body must be consideretl in the determination of such a stress. 
A design based on true stresses is in reality a design of limited 
In such cases the strain should never exceed that at 
le elastic limit divided by a factor of safety, or. 



/working -- 

ivhere / is a true stress. 



Elastic limit 
Factor of safety ' 



Either an apparent or a true stress may be 
the larger, and care should be taken in any 
case that Ixith are considered. If they are 
not, an apparent factor of safety may be con- 
siderably in excess of the actual factor. An 
intelligent choice of constants and factors of 
safety will, in many cases, give results closely 
in accord, from equations which seemingly 
give widely varying results where the same 
constants are used in all cases. To illustrate 
the above assume a rectangulnr prism. Fig. 4, 
subjected to the external vertical forces P at 
its ends. These forces cause, at the cross sec- 
tion ah, an apparent, and in this case a true, 
intensity of stress p. While there is no ap- 
reot stress in any horizontal direction there is a strain and hence 
a true stress in all horizontal directions. This true stress may be 
obtained from the apparent stress by multiplying by the cocffi- 
^^ejent of lateral contraction or Poiason's ratio. This ratio is usually 
^^^Mken as I or f^ for wrought iron or steel and J for cast i 



Flo. 4. 



] equations are but little affected by the choice of this ratio, 
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and it will be taken as I in all cases. The reciprocal of this ratio 
is designated by "m," hence m = 3. It is to be noted that an 

apparent stress of tension in one direction 
causes a true stress of compression in all di- 
rections at right angles. Assume the prism 
of Fig. 4 to be subjected also to compressive 
horizontal external forces P', Fig. 5. These 
forces cause an apparent intensity of stress, 
— -b^' on a plane perpendicular to ab. While the 
apparent intensity of stress on oft is still p, 

the true intensity of stress is p + ^, tension. 

Hence a consideration of both stresses is neces- 
sary in an economical design. 

The obtaining of true stresses from appar- 
ent stresses is not to be confused with the 
compounding of apparent stresses. In this 
case apparent stresses on two planes through a given point are 
used to determine an apparent stress on any other plane through 



T 



P 

Fig. 5. 




the point. Use will be made of this proposition in connection with 
helical riveting. Given the point 0, Fig. 6, in a body, through 
which pass planes XX and YY perpendicular to the plane of the 
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paper. Assume as tbe simplest case, and the only one which it is 
xessaxy to consider in this work, that these are Principal Planes, 
lat is, planes upon which tbe resultant stress is wholly normal. 
b these resultant stresses, called Principal Stresses, be denoted 
y Pi ajid p„, unit stresses in each case. The resultant unit stress 
I any other plane AA, passing through 0, whose normal 
ikes an ai^le with the A' axis, is obtained as follows; Tbe in- 
eity of stress on AA due to pi will Ix? p, cos 6 which may be 
solved into two components normal Emd tangential to plane AA. 
Normal component = p, cos' 8. 
Tangential component = p^ cos 6 sin B. 
riy for p». 

Normal com]>onent = p^ ain* 8. 
Tangential component = p„ sin 8 cos 8. 
fiice p., tbe resulting normal component on AA, will equal 
hcos'tf + pysin'tf, and S,, the tjuigential component, will equal 
-p,)wie cos 0. 
efore, 
Pr = Vp.' + S,' 

\pj cos* fl + 2 pip„ cos* ff sin' 9 + p,* sin* $ 

+ p/ sin' 6 cos* 9 — 2 p,p^ sin* 8 cos* 8 
+ p,' sin* 8 cos* #1* 
= [p,* cos* {cos* 9 + sui' fl) + p,* an= ff (cos* fl + 6in*fl)p 

= [p,»cos'fl + p,'sin*9l' (1) 

rb is the expression for tbe resultant stress on plane AA , due 
the ^ven principal stresses. 
It is evident that p, will alwaj-s have values between p. and p„ 
except when p, = p„ in which case p, = p, = p,. Hence one of 
the principal sirrsscs is a maximum and tbe other a minimum. 

15. Thin Hollow Sphere. — When a spheric^ shell is so thin 
that tbe stress may be taken as anifonnly distributed from the 
insiiie wall to the outside wall, the calculation of this stress b a 
comparatively easy matter. 
Let Fig. 7 repreaenl tbe upper half of a thin sphere, where 

tr = internal radius of sphere, 
( = thickncfls of shell, 
p = inlensity of internal pressure, 
/ = intea<aty of tangential stress (hoop tension). 
Connderiog this portion ol the ^bere as a solid Iwxly, the total 
fiocoe tending to raise it is T7*p. This must be equal to the stren 



62 



BOILERS AND PRESSURE VESSELS 



with which the lower portion acts upon the upper portion at the 
section, or 2 irrft, very nearly. 

Hence, irr^p = 2irrft 



^ 21 



(2) 



In this case / is, of course, only an apparent principal stress, 
and in any given case would be taken as the ultimate tensile 
strength of the material with a proper factor of safety. 





I^G. 7. 

To illustrate the design on the basis of maximum strains, con- 
sider the point lying in the wall of the spherical shell. Fig. 8, at 
the intersection of planes XX and YY. There is an inten- 

sity of stress normal to plane YY, fy = ^.f from equation (2). 

There is also an intensity of stress normal to plane XX, 

/, = ^ • The radial stress p, also acting, if is on the inside sur- 

face of the wall, is neglected. The stresses /, and/y are apparent 
stresses from which the true tangential stress may be found thus: 

/true = /r ~ ifv = /y "" ifx 



_ pr pr 

— ?L 

"31' ' 



(3) 



Thus it is seen that the true stress is only two-thirds of the ap- 
parent stress. The design should be such that the value of this 
true stress falls well within the elastic limit of the material. 
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Equations (2) and (3) hold equally tnio for thin hollow spheres 
subjected to external pressure, but they are of little value when 
so used, because slight deviations froui the true spherical form are 
rapidly exaggerated, and the sphere fails by collapse rather than 
by direct compression. 

16. Thick Hollow Sphere. — It is desired to obtain the in- 
tensity of hoop tension at the inner surface of the thick hollow 
sphere, Fig. 9, subjected to internal pressure only. 




Fio. 9. 



I Let /i = intensity of hoop tension, 
Ti = internal radius of s])bere. 
Tt = externa! radius of sphere. 
Pi = intensity of internal pressure, 
r = radius of an elementary annulus. 
p = radial pressure on the elementary annulus (inside), 
p + dp = radial pressure on the elementary annulus (outside). 
/ = intensity of tangential stress on annulus. 

k small particle at M is subjected to a stress /, normal to the 
' liorizontal plane Ali, & stress /, normal to the plane of the paper, 
and a radial stress p. It can l>e shown by the principle of least 
work that the algebraic sum of these stresses is a constant for all 
points in the sphere. Hence, 

2/-;> = 2/. -p,, (4) 

tensions being written positive and compressions negative. Con- 
ider the forces acting on the elementary hemispherical annulus. 

Acting upward, nr^p. 
I Actii^ downward, » (r + dr)'{p + dp) and 2 rrfdr. 
i Equating, n^ = t (r + dr^ij) + dp) + IttJAt. 



or 
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Solving, omitting differentials of more than the first power, 

r dp = — 2 p dr — 2/dr, 
dp ^ 2dr 

P+f r 

From equation (4) / = P + ^/^ " P^ . 

Therefore, 

2 dp _ 2dr 

3p + 2/, -pi" r ' 

3 dp ^ ddr 
3p + 2/i-pi~ r ■ 

Hence, by integration, 

log (3 p + 2/i - pi) =-31ogr + logc, 

where log c is the constant of integration. 

log (3 p + 2/, - pi) + log r» = log c, 
log[(3p + 2/,-p,)(r»)] = logc, 

or 3p + 2/,-pi = ^ (5) 

p = 5(pi-2/i + ^) (6) 

To find c, note that, when r = rj, p = 0. 

c = (2/i - pi) rj*. 

Then, substituting for p in equation (5) its equal from equation 
(4), 2/+P1-2/1, 

6/ + 3p, - 6/, + 2/, - pi = ^(2/» - pi), 

6/ = 4/, - 2 pi + ^ (2/i - px), 

which is the expression for the tangential stress at any radius r. 
When r = ri, f = /i. 

Hence, 6/. = 4/, - 2 p, + ^' (2/, - p,). 



P.(f + n3)- 



and /i = ^^3 _ ^^3 > (7) 

// 2/i + 2pi ,„ 
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Equatkm (7) then gives the apparent intensity of hoop or tan- 
gential tension at the inside surface of a thick spherical shell, 
thia being the maximum stress. Stresses calculated by equation 
(7) will always be in excess of those calculated by equation (2) for 
thin spheres. The error, however, will be only six-tenths of one 
per cent where the thickness is not more than ten per cent of 
the internal radius, and not over two per cent when the internal 
pressure does not exceed one-third of the allowable fibre stress. 

The true intensity of stress at the inside surface is found from 
the coefficient of lateral contraction, thus: 



I 



lB 




— ^ 



Hvidentiy /uue will be less than /i for all cases where pi is leas than 
J'l, that is when the internal pressure does not exceed the allow- 
able fibre stress. It is interesting to note that for cases where the 
alMjvc is not true, equation (7) for the apparent stress is on the 
unsafe side, and equation (9) should be used. Such a case might 
lie that of a cast iron sphere subjected to an internal pregsure of 
AOOO pouudi^ per square inch with an allowable working fibre 
etress of 4.^(0 i>ountis per square inch. ' 

17. Thin Hollow Cylinder. — Vessels of a cylindrical shape 
are the ones most widely used to withstand fluid pressures. Where 
the thickness of the cylinder is small compared with the diam- 
eter and the pressure is internal, the tensile stress in the ma- 
terial may be computed readily and with considerable assurance. 
The same cylinder subjected to external pressure, as is the caee 
in a boiler tube, may have the stresses computed in a similar 
manner. The slightest deviation from the true ej'lindrical fonn, 
however, is soon increased by the pressure and failure occurs by 
the collapsing of the tube, thus rendering any calculations for 
failure by compression valueless. In these cases it b necessary 
to resort' to tests to obtain collapsing pressures. The results of 
RUch tests will be given later. To obtain the intensity of tan- 
gential stress in a thin hollow cylinder due to a ^ven working 
preesure, take a section of unit length. Fig. 10, and let 
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r = internal radius of cylinder, 
t = thickness of metal, 
p = intensity of internal pressure, 
/ = intensity of hoop tension, assumed constant across 
the section. 

The pressure acting within the upper half of the cylinder tends 

to cause a separation on the horizontal plane and is resisted by 

the stresses in the material on this 
plane. While all pressures within the 
cylinder act normally, the sum of the 
vertical components of all such forces 
will be equal in magnitude to the re- 
sultant force on the plane abed. The 
latter is equal to 2 rp, and is resisted 
by the stresses on the two sections 
of the material, each of which is ft^ 
assuming the metal so thin that the 
stress is uniformly distributed. The 

stress / may be taken as the maximum stress, although it is in 

reality slightly less than the maximum. 




Fig. 10. 



Equating, 
and 

or 



2 rp = 2 ft, 
_pr 



(11) 



Where it is neccssar>' to use a longitudinal joint whose efficiency 
is e, the equation becomes 






(12) 



The plot. Fig. 11, has been constructed for a ready determi- 
nation of thicknesses as obtained from equation (12). /is taken 
as 55,000 -f- 5 = 11,000 pounds per square inch. To use the 
plot, follow the liorizontal line corresponding to the efficiency of 
the joint to its intersection with the curve corresponding to the 
cylinder diameter. Rise vertically to the line of the desired in- 
ternal pressure. Read the thickness of plate corresponding at the 
left. 
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Problem. 

Find tlic necessary tbickntss of sheJl for a 72 inch boiler, 150 lbs. per ec^ 
in. pressure, having a joint with uti efficieni:y of 8S per cent. 
From plot I = 0.556 in. Use \ inch. 

The thickness Decessary to withstand tbe pressure on the end^ 
of the cylinder may be computed by considering a transvera^S 

cross section. The total load imposed upon the section is ■wr'p — 
The resisting stress is 2 mft, verj- nearly. 



Hence, 



"2( 



(13h- 



This equation is the same as that oVjtained for thin hollow spheres. 
With a given thickness of shell the value of the hoop tension i& 
twice that of the longitudinal tension. Hence, a girth seam 
joint of more than one-half the efficiency of the longitudinal joint 
will render the vessel sufe against rupture in this direction. 
The true intensity of hoop tension, /i,ue, is et|ual to 



1 / 

is 2 



+ $ 



Therefore /tme = if (nearly), / being large compared with p. 
Hence, designs based on the apparent stress are on the safe side. 
It must be borne in mind, however, that where the principal 
stresses are of opposite kinds, the true stress exceeds the ap- 
parent stress, and should be used in design. As an example of 
Buch a case, consider a stand-pipe, where the normal stress on a 
, vertical longitudinal section is tension due to liquid pressure, and 
the stress on a horizontal transverse section is compression. 
Then the maximum intensity of true stress is, /tma =/i + ift 
where /i and /j are the principal stresses with /, larger than ft, 
and fiTw is tension or compression according as /i is tension or 
compression. 

IB. Thick Hollow Cylinder. — There are two assumptions 
used in determining equation.s for the stresses in thick cylinders. 
The simpler one, due to Barlow, is that the area of a transverse 
cross section remains a constant what^ever the internal and ex- 
ternal pressures may be. The other, developed by Lam#, is that 
the longitudinal t«ns)le stress and longitudinal elongation are 
constant for all points in tbe cylinder. The latter assumption is 
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the more exact, but the Barlow equation gives results on the safe 
side in all cases, as is seen by the plot, Fig. 13. It is necessary 
in both cases to asjsume the length of the cylinder large com- 
pared with the outside diameter, in order that the influence of 
the ends shall not affect the reasoning. 

Deduction of stress equation on first assumption. 

Referring to Fig. 12. 

Let n = internal radius of cylin- 
der before pressure is 
applied. 

rj = external radius of cylin- 
der before pressure is 
applied. 

pi = intensity of internal pres- 
sure. 

Pa = intensity of external pres- 
sure. 

/i = intensity of hoop tension 
at inner surface. 

/2 = intensity of hoop tension 
at outer surface. 

Xi = increase in n after pres- 
sure is applied. 

X2 = increase in r2 after pressure is applied. 

Area of transverse cross section, before applying pressure 

ir(r22-ri2) (14) 

Area of transverse cross section, after applying pressure 

IT [(rj -h X2)2 - (n -h xi)2] (15) 

By assumption (14) = (15). 

Therefore, r2* — ri^ = r2^ + 2 rix^, + x^ — r^ — 2 Xifi ~ xr. 

Neglecting the terms x^ and x^, since they are extremely small 
and appear in the equation with opposite signs 

rtXi = nxi, 

5l = !!? 

X2 Ti 

Unit strain in the internal circumference will equal 

2 TT (ri -h Xi) — 2 TTTi Xi 

' - zs — ^ • 

2irri ri 




Fig. 12. 



or 



(16) 



60 BOILERS AND PRESSURE VESSELS 

Similarly for the external circumference the unit strain will equal 

H6nce, 

Xi 

Strain at inner circumference __ n _fi 
Strain at outer circumference ^ f^' 

or the hoop tensions vary inversely as the squares of the dis- 
tances of the fibres from the center of the cylinder. Professor 
Goodman, in a series of experiments, found the stresses over a 
cross section to vary very closely as given by this relation. If / 
is the intensity of hoop tension at any point in the cross section 
at a distance r from the center of the cylinder, the total stress, P 
over the cross section for unit length of section will be 



but, as shown above, 



t/ri 






Therefore, 



Applying the conditions of equilibrium to the half shell of unit 
length, and neglecting p2 as small compared with pi, 

2 ripi = 2 P, 



Pin 



=/,.(I-^), 



_ Pin _ Pir2 



/i = -^^^^^=^ (17) 

r2 — Ti i 

This equation is identical with that obtained for a thin shell, 
except that the outside radius is used in place of the inside radius. 
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It is to be noted that this expression is for the apparent stress, 
and not for the true stress. 

The deduction of the stress equation under the second or Lam^ 
assumption is entirely analogous to that already given for thick 
hollow spheres. Therefore, only the results will be given here. 
The pressure on the outside of the cyUnder is assumed to be zero. 
Then /i, the apparent maximum intensity of hoop tension at the 
inner surface, is given by the equation 

^^^ ?hy + n») . (18) 

For the outer surface, 



/ » 2p,ri« 



An equation involving thickness may be obtained from equation 
(18) as follows: 

/i rl+ri^ 

Pi rj* - ri* 
By composition and division, 

fi + P i ^2rl 
fi-Jh 2ri^' 



> /i ~ Pi 
Subtractmg n from both sides, 

— '[Nils-} 

When the external pressure, p*, is not neglected the general stress 
equation is 

PiH* - Pirz^ + —^ (pi - pi) 

This equation for apparent stress was modified by ClavarinO; 
who obtained an equation for the true f?tress. 



J%rm — 



pir-r - ptrt^ -I ^ (pi - pi) 



3 fr,^ - r,»; 
or when r = ri and pi = 0, 
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Another modification of Lani(5's formula is that due I 
and is applicable where the longitudinal tension is zero, fl 
case of a shrink or force fit. Then 



- ri and pj = 



pi (4 ra° + 2 r,') 



The plot, Fig. 13, has been drawn for the comparison rfT 
as obtained from equations (17), (18), (20) and (21) and to p 
a ruady means of solution of problems on thick cylinders. 
suits as obtained from equation (11) for thin cylinders are ak 
^ven to show the limitations of the assumption of uiuforml 

distributed stress. Values of the ratio — , that is allowable filw 

Pi 
stress to internal pressure, arc plotted as ordinates on values ^ 

the ratio — as abscissae. It is to be noted that for ratios of ^ 
r, I 

greater than 10, that is when the thickness is less than iV tb6 It 
side radius, the equation for thin cylinders gives results in vei 
close agreement with thusc of the more complex theories. J 
gives, indeed, thicknesses which are greater than those obtaia^ 

from the formula of Clavarino for all values of — greater than ( 

When the internal pressure is more than one-third of the alM 
able working 6bre stress, the Lamf formula appears to give tl 
suits on the unsafe side, that is the apparent stress is less tiia 
the true stress. The choice of a factor of safety and of a str^ 
formula affects the resulting thickness of shell very materialjl 
where the internal pressure is mure than four-tenths of the allof 
able working stress. For example, a cast iron cylinder 5 'auS^ 
inside radius, subjected to 2000 pounds per square inch inteniii 
pressure, would have a thickness of 2.83 ins., using the Laii 
formula, a tensile strength of 19,000 lbs. per sq. in. and a factot) 
safety of 4. The same cylinder would have a thickness of 5.51 ini 
when calculated with the Barlow formula and a factor of 5. "H 

thickness approaches infinity as — approaches one, in the Barlo 

Pi 



n riavariDo eurvc =^ = 2M>, 



fh = ^y-7T7 = 18S0 lbs. per sc|, inch, 
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and Lam^ fonnulte, and as this ratio approaches one and one- 
third in the Clavarino and Birnie formula. 
Problems. 

U) Find the necessary thickness of a cyiinikr 10 inches inside diameter 
Bub)c«ted to an interna! Huld pressure of GOOO pounds per square inch. 
Material, ateel eaating, fi = 60,000 pounds per sq, inch, Faetor of safety, 5. 

f^ ^ 12.000 ^ ^ 

/-, 6,000 

tProm plot (Clavarino) - = Q.S72. 

( = 5 X 0,872 = 4.36 in- 
L&ID^ ourvc gives t = 3.06 in; 

Bariow curve gives t = 5.00 ins 

(2) Find the allowable pressure in a hydraulic main 4 inches in diaineliOr 
anil I inch thick, if the stresa is not Ui exceed 5000 pounds per square inch. 

r 

^H or uning Bnrlow curve pi = 1670 His. per sq. inch. 

^f 19. Cylinders Under External Pressure. — Theoretical for- 
mula for the stresses in cylinders subjected to external pressure 
are of little value, since such cylinders will collapse before the 
compressive strength of the material is reached. Especially is 
" " i true where the cylinders are thin and long compared with 
e diameter. Practical examples of cylinders so stressed are the 
■□ace flues and tubes of boilers. The stress equation for thin 
jylinders is obtained as in the case of internal pressure, 

^yt 

^ere / = mean intensity of eom])ressive stress, sensibly equal 
to the maximum, 
p = intensity of external pressure, 
r = ext-emal radius, 
d = external diamet^er, 
( = thickness of metal, 
etical discussions by Professor A. E. H. Love, Grashof, and 
I show the collapsing pressure to vary as (-j) . However, 
eriments sliow cleJirly that the collapsing pressure for short 
s is not independent of the length but increases as the leu|^h 



/-y " P-T <22) 
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decreases for tubes in which the ratio of length to diameter is 
comparatively small. For a given tube diameter a length is 
reached such that the collapsing pressure is unafifected by a further 
increase in length. This is called the critical length and will be 
taken as six diameters although recent experiments * tend to show 
that it is somewhat greater and that the following formulae give 
low collapsing pressures. 

For lengths less than six diameters tests by Sir W. Fairbaim 
and Professor R. T. Stewart suggest the equation, for inch units 

where the constant C as determined from the experiments is 
1 1 ,600,000. With a factor of safety of 4 

Pworking= 2,900,000^^ (23) 

The furnaces of lx)ilers, while falling within this limit of length to» 
ditimct(T, are made so strong against collapse by corrugations 
that practical formulae of the form 

are in general use, the constant varying from 10,000 to 18,000. 

If th(» length is greater than six diameters the collapsing pressure — e 

is a function of -7 only. The following values are given by 

f(»HHor ('arman as the results of a large number of experimen 
and an* virtually the same as those obtained by Professor R. \ 
St(»wart from the tests on over 500 boiler tubes. 

(a) Tubes for values of -^ < 0.025. 

Bnussp = 25, 150,000 Q' (2^j 

ViM drawn seamless steel p = 50,200,000 Q* . . {2G) 

(6) Tubes for values of ^ > 0.03. 

Brass /; = 93,365^-2474 (27) 

('old drawn seamless steel p = 95,520 -r — 2090. . (28) 

Lap-welded steel p = 83,270^ - 1025 (29) 

♦ The Mechanical Engineer, Oct. 16, 1914. 
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8 and thicknesses of boiler tubes. 

Cold drawn seamless steel p = l,000,0O0i 



©■ 



Lap-welded 3tcM;l p = 1,250,000 { 



(30) 
(31) 



The stress equation for thick cylinders subjected to external 
>»>«sure only may be obtained from equation (19) by substi- 
= and r = n, giving 

/ = _ 2 Pan' 

ri' - n^ 



(32) 
(33) 



^heree, viz.: / ^ 



s sign indicating compression. 

Where the thickness is not more than one-tenth of the radius, 
quation (22) may be used without appreciable error. 
20. Spherical Heads. — When possible, cyhndrical pressure 
lould he supplied with " dished " or " bumped " heads in 
order to avoid the staying necessary w-ith flat ends. It is recom- 
mended, however, that the ends of all cylinders more than 60 ins. in 
meter be stayed. These ends are ordinarily spherical segments, 
I the stresses are calculated by means of the fornmla for thin 

^ or » = — , where r is the radius of the 

Ipbere, andp is the pressure on the concave side. Thus it may 
B seen that where the stress in the end is to be the same as 
\ the cylindrical shell with the same thickness in Ixjth cases, 
Bbe radius of the sphere should be twice that of the cylinder, 
iVhen the pressure is on the convex side of the head, federal and 
*slate rules require that the allowable pressure p shall not ex- 
ceed from six- to eight-tenths of that given above. 
When the rise of segment h is known, it can readily be shown 

= ■ ' — , where T\ is the radius of the cylindrical shell. 

Bence, by substitution, the equation for allowable pressure 



(34) 
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in whicli ri is the radius of the cylindrical shell. While tlie above 
fonnulie are those ordinarily used in connection with dished 
heads, they are far from satisfactory and should only be em- 
ployed in connection with a large factor of safety. 

Stresses in the flange of the head are vcxy severe, but they do 
not admit of a ready aoaly^s. While they occur at a place of 
considerftble inherent strength due to the joint and the flanging 
of the head, nevertheless, grooving and severe lota! bending 
stresses at the sharp cun-ature cause cracks and ultimate rupture 
at this [xjint. Experimental deteruii nations of the strains in the 




Btcam drum of v BabcOLk and Wilcux boiler have been made by 
Professors '^ H Barratlough and A. J. Gibson and reported in 
the Prorcedmgs of the Engmeering Association of New South 
Wales 1010-1911 The accompanying cut, Fig. 14, is taken 
from their report. The section CC is located 1.5 ins. from the nearer 
ring seam. Their investigation was primarily to obtain the stresses 
in the vicinity of the lap joints, but strains iu the flange of the 
head were also measured. Strain measurements were taken at 
frequent intervals on transverse and horizontal planes by meana 
of mirrors. Both change of length and change of curvature were 
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determined. In Fig. 14, "deduced" surface stresses, that is, 
strains multiplied l>y a constaDt (modulus of eiasticity) have been 
plotted perpendicular to the plate, tensions being denoted by 
dotted and compressions by full lines. The stresses shown in 
the spherical segment of the head are conjectural, no strains hav- 
ing been measured in this portion. The variation of stress in the 
vicinity of the single-riveted lap joint is in accord with the usual 
inferences on this point. The stresses in the flange of the bead 
show a decided bending action with large tensions (11,000 pounds 
per square inch) on the inside fibres, and compression on the out- 
side fibres. Inasmuch as this is the point at which grooving and 
rupture take place, the fallacy of using the formula for the thick- 
ness of thin spheres, which does not apply to this portion of the 
head, is apparent. The tensile stress mentioned alxtve is three 
times that which would have been obtained with the thin sphere 
formula under the same conditions. The following formula is pro- 
posed for the thickness of dished heads, 

'"gooo-ioor '■^^ 

where ( = thickness of head in inches. 

p = pressure in pounds per square inch. 
r = radius of the cylindrical shell in inches, 

This formula is intended to apply where the head is dished to a 
radius equal to the diameter of the shell, and with steel plate of 
CO, 000 pounds per square inch tensile strength. It embodies an 
apparent factor of safety varying from 7.5 on cylinders 5 inches 
in diameter, to 10 on cylinders 5 feet in diamet^-r. In the light 
of the experiments alluded to aljove it is probable that the true 
factor of safety for heads calculated by the above formula is in 
the vicinity of five or six. 

When the pressure is on the convex side of the head, thick- 
nesses at least one and two-thirds those given by the above formula 
are recommended. The plot, Fig. IS, affords a ready means of 
obtaining the thickness of the head when the diameter of the shell 
and the internal pressure are known. The thickne.'w for a con- 
cave head may be read directly at the left of the plot, and for a 
convex head by following the abscissa for the thickness of the cor- 
responding concave head to it-s intersection with line AA and read- 
ing the desired thickness at the top of the plot. 



FLAT PLATES 

It must be borne in mind that the corrosive action of the ton- 
t'tents of the tank has much to do with the final thickness of metal 
I Qsed in the heads. The plot gives the theoretical thickness 
I necessary to confine the corresponding pressure. In small cylin- 
' ders it is frequently best to assume a minimum thickness of head 
sufficient to withstand safely the corrosion, and at the same time 
to permit the ready working of the metal to shape. This practi- 
cal limit will often exceed the theoretical thickness given by the 
plot. 

21. Flat Plates. — The deduction of formulse for determining 

the stresses in flat plates supported at their edges and loaded by 

forces perpendicular to their flat faces forms one of the most 

difficult chapters in the theory of elasticity. The equations most 

widely quoted are those of Grashof * deduced from the equation 

of the elastic curve and giving the maximum true stress, that is 

|itbe stress corresponding with the strain. Bach adopts equa- 

fiions of the same form, but determines his constants experi- 

■tnentally. 

The following cases will be considered: 



Cose /. Circular plates. 

(k) Uniform had, supported at edges. Fig. 16. 
(0 Uniform load, fixed at edges. Fig. 17. 
(o) Uniform load, free at edges and sujiporlcd at center by a 
circle of radius rt. Fig. 18, 

(j) Load P, distributed over a circle of radius Tq, supported 

at edges. Fig. 19. 
[y) Load P, distributed over a circle of radius r^, fixed at 

edges. Fig. 20. 

I Cau II. Elliptical plates. 

(k) Uniform load, supported at edges. Fig, 21. 
(() Uniform toad, fixed at edges. Fig. 22. 



(i) Load P, distributed oi 

al eiiges. Fig. 23. 
(]/) Load P, dislribided c 

edges. Fig. 24. 
' "Theoric ilcr EbaCiiiUit uml FMtigkei 



r a circle of radius ra, supported 
•r a circle of radius re, fixed at 
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Case III, Rectangular plates, 

(k) Uniform load, supported at edges, 

(I) Uniform loadj fixed at edges. Fig, 25. 

(x) Load P, distributed over a circle of radium ro, supported 

at edges, 
(y) Load P, distributed over a circle of radium ro, fixed at 

edges. Fig, 26. 

Case IV, Square plates, 

(k) Uniform load, supported at edges, 

(1) Uniform load, fixed at edges. Fig, 27. x 

(x) Load P, distributed over a circle of radius ro, supported 

at edges, 
(y) Load P, distributed over a circle of radium ro, fixed at edges. 

Fig, 28. 

Case V, Continuous plates, 

(l) Uniform load, stayed at a systeftn of points. Fig, 29. "^ 

The significaiico of the quantities used in the succeeding discus- 
sion, ^when not evident from the illustra- 
tions, is as follows: 

/ = intensity of apparent stress, 
/true = intensity of true stress. 
1 




VI 



= Poisson's ratio. 



Fkj. 10. 



J true — 



v = maximum deflection. 
E — modulus of elasticity. 
ii = experimental constant. 

Case I, Circular plates, 

(k) Uniform load, supported at 
edges. Fig, 16. 

3 (m - 1) (3 7M + 1) pr^ 



8 



nr 



t^ 



For m = 3, 



jftrue — 



5pr^ 
"6<2 
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or 



t 



V 6 A«, 



V = 



6 /true 



The maximum apparent stress is 

3/3mjM\prf 

For m = 3, 






(36) 
(37) 



(38) 



which is larger than the true stress since the apparent stresses at 
right angles in the plate are of the same kind. 
Bach gives ' 



_ P^ 



^2 ' 



(39) 



where /^ is an experimental constant varying from 0.8 to 1.2 for 
cast iron and slightly smaller for mild steel. 



Case I. Circular plates. 

(l) Uniform loady fixed at edges. Fig. 17. 

In this case the largest stresses are 
those in a radial direction at the circum- 
ference, 






or, for m = 3, 



Jtrue — Q/2 



t 



'^\ 



2pr^ 



3/ 



(40) 



true 



The stress at the center is one-half of 
the above. 







Fio. 17. 



(41) 
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The maximum apparent stress is at the circumference. 



/ = 



4<2 



t 



w 



3pr* 



4/ 



At the center 



/= 



_ p^ 



2t* 



(42) 



(43) 



(44) 



The general rules of the Board of Supervising Inspectors give, 
for unstayed wrought iron or steel flat heads not exceeding 20 
inches in diameter, an equation for the allowable working pressure 

512 d^ 

where c is 112 for plates ^^ inch and under in thickness, and 120 
for plates more than f^ inch thick. 

Using c = 112, the above formula corresponds to a fibre stress 
of 15,200 pounds per square inch in the theoretical formula for a 
supported plate and 12,200 pounds per square inch for a plate 

fixed at the edges. 



Case I. Circular plates, 

(o) Uniform load, free at edges, and 
supported at center by a circle 
of radius ro. Fig, 18. 




V = 



Et' 



(46) 



Fig. 18. 



Case I. Circular plates. 

(x) Load P, distributed over a circle of radius ro, supported 
al edges. Fig. 19. 



/true 

or, for m = 3, 



3 /m2- 1\/. r 



+ 



m 



m + 






Max. /irue = ^f3l0g.^ + lj. (47) 
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To facUitate the use of the above equation the following values 



of / for the ratios — shown are given: 

To 



r 



10 



20 



30 



40 



4.99 



vt^ 



P P 

5.53 ^ 5.92 ^ 



rP 



H^ 



60 

P 
6.22-^ 



For small values of — 

r 



V = 



5PH 



(48) 



The maximum apparent stress is 

With the above equation as ro approaches 
zero the stress approaches an infinite 
value. This is overcome by Bach, whose 
equation is of the form 




Max./ = 



3fiP 



('-!?> 



Fig. 19. 



Or 



'-^J^rWi---- 



(50) 



(51) 



fo = these equations become 

ZnP 



/ = 



7r^2 



t 



-^'4, 



mP 



(52) 



(53) 



I^ general /i, the experimental constant, may be taken 1.5, in 
^^ich case 

<-nf{^-f:) <«) 

^^^s equation is to be used when Tq is approximately 0.1 r, which 

^^^es well with the theoretical formula, equations (47) and (54) 

"^^*ig equal for a ratio of ro to r of 0.089. Bach states that for 

^^^er values of ro, the coefficient should be decreased which is 

»8o in accord with formula (47). 
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Ca^e I, Circular plates, 

(y) Load P, distributed over a circle of radiiLs ro, fixed ai 

edges. Fig, 20. 

The stress at the center will be greater 
than that at the edges for all values of ro 
less than ^ r, which cases only are con- 
sidered. 

For m = 3, 

Max. /true ' 




4P, r 



(55) 



For small values of — , 

r 



Fia. 20. 



V = 



2Prg 



(56) 



To facilitate the use of equation (55) the following values of / 



corresponding to the ratios — shown are given: 

^0 



10 



20 



30 



L 

To 

/ 3.07-^ 3.99 42 4.53^2 
7rr 7rr Trr 

The stress is less in each case than the 
corresponding one \vitli the plate sup- 
ported at the edges, as is to be ex- 
pected. 

Case II. Elliptical plates, 

(k) Unifomi load, supported at 
edges. Fig. 21. 

Let a = major axis. 

h = minor axis. 

Horizontal flexural stresses are great- 
est in a direction parallel to the minor 
axis, tests* of such plates developing 
cracks along the major axis. 



40 

P 

4.92^2 



50 



5.22 



x<« 




iuLiu 




Fig. 21. 



Bach, "Elastizitiit und Festigkeit," page 620, Figs. 3 and 4. 
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M 



3.4+1^ 



i^'M^' 



3 + 2 



©'-(a) 




or 



^=2(^6??)'^*^'^''^'^ ^^^^ 



/I ^ 
Bach used a ratio of r = s and found 

9 

hence 

f'or wrought iron and steel use 




2<»(a* + 6^) 



(59) 




Fig. 22. 



C^cMe 77. EUiptical plates. 

(0 Uniform load, fixed at edges. Fig. 22. 

tTase equation (57) with constants such that 



(60) 



and. 



/ = o^ / <> . L^v for c^t u-on .... 

^ 8t^ (a* + b^) 

f = . g ^^ for wrought iron and steel. (61) 



I 77. EUiptical plates. 

(x) and (y) Locuf P, distributed over a circle of radius r©, 
/A€ pIa/€ having more or less fixedness at the edges. 
Figs. 23 and 24. 









3 + 2 




(62) 



where /* varies from | to J depending upon the degree of fixedness 
at the circumference. The former quantity applies to the case 
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of plates rigidly fixed at the edges, and the latter to those s 
ported only. The radius r^ must be small and the load essentially 
concentrated. 




Case III. Reclangular plales. 

(fc) and (I) Uniform load, the plate haxing more or leaa 
fixedness at the edges. Fig. 25. 



Reljnng upon the experiniental work 
of Bach ti) (leterrtiine the values of the 
constant in an equation of the form 





/ = ^ 



\bV 



C63) 



Fni. 25. 



2Va^ + 6V (' ' 

fi may be taken from | to J 
ing upon the degree of fixedness at 
the edges, the fonner value corre- 
sponding to entire flexibility and the 
latter to a good degree of rigidity. 



Case ///. Rectangidar plates. 

(x) and {y) Load P, distributed ot'er a circle of radius r^, 
the plate having more or less fixedness at tlie edges. 
Fig. 26. 

■' 2 W + Wi' 

vhere ii= 1^ to 2, 



ThAT PLATES 



ere again the lesser value applies to cases of rigidity and the 
ter to those of flexibility. 





Fio. 26. Fia. 27. 

K IV. SqtMTE plates. 
(Jc) and (i) Uniform load, the plate having more or less fixed- 
ness at the edges. Fig. 27. 
pom the equation given in Case III {h), for flexible edges, 

^=lf? ■'■ ■ (»' 

ijlarly from Case III (I), for fixed edges, 



3«'p 

' 16P ' 



(66) 



\IV' Square plates. 
■x) arid (y) Load P, tlistribulcd 
over a circle of radius To, Ike 
plate kavirt^ more or less 
Jixediiess at the edges. 
Fig. 28. 
•.aaes are special ones under 
I discussion of rectangular 
a above. Appljing formula 
B merely supported, 
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and for fixed edges, 



/=l-3l(^) (68) 



Case V. Continuous plates. 

{I) Uniform load, stayed at a system of points. Fig. 29. 

The problem of a continuous flat plate 
supported at a series of points, usuaUy 
pitched on rectangles or squares, is an 
extremely important one. A theoretical 
discussion of this case is given by Gras- 
hof in which it is assumed that any strip 
connecting two adjacent rows of rivets 
is in the condition of a beam fixed at 
the ends. The stress corresponding with 
the maximum strain is found to be in- 
determinate when a is not equal to 6, 
Fig. 29. When a is equal to b 




ff^r^jY/^^^f^^^jr^^^yf^^^^f^^fi 



\\\ 



Fig. 29. 



TTl 



_l \\a^p 



Taking m = 3. 



Tv/r / _2a2p 

JVlaX. /true — q .2 * 



a = y/ 



975 

2p 



(69) 



which is intermediate between the values given for square plates 
as determined from experiment, i.e.. Case IV (fc) and (I) given 
above. 

Experimental data on stayed flat plates, covering 59 tests in 10 
different sets of experiments, have been carefully summarized by 
Mr. C. E. Stromeyer *. He concluded that "no matter what the 
mode of staging may ])e,' the pressure at which the first perma- 
nent set takes place in plate of 60,0()b pounds per square inch 
tenacity is found by the equation '' 



V = 



667^ 



* The P^ngineer, March 13, 1914. Engineering, Feb. 6, 1914. 
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) is the diameter of the largest circle which can be inscribed in- 
Ade of the stays, and t is the thickness of plate in sixteenths 
1 inch. With ( expressed in inches 



(70) 



pel 



A comparison of this formula with the theoretical formula, 

luming £>* = 2 a'l will show a value of / = 19,000 lbs. per 

which is low for the elastic limit of wrought iron or steel 

►late. Tliis is partly due to the assumption D^ = 2 a* as D* is 

Iways less than 2 a'. As an example, assume 1 inch rivets, 

spaced 6 inches on centers, a^ = 36, Z>* = 56.03, hence D* = 

1.556 a' and the equations show / to have a value of 24,400 lbs. 

per sq. in., which is a conservative value for the elastic limit. 

jlVhere the ratio of diameter of stay to distance on centeae is less 

lan one-quarter, equation (70) will show a small factor of safety 

i«i an elastic limit of 28,000 lbs. per sq. in. 

The Board of Supervising In-spectors' rule for stayed flat plat«s 
("all stayed surfaces formed to a curve the radius of which is 
2.56 CP 



■•over 21 inches ") is j 



I where a is the greatest pitch of 



itaye, and C is a constant varying from 112 to 200, the smaller 
iValue Ijeing for, screw stays with riveted heads. Comparing this 
with the theoretical formula (69) the smaller constant, 112, is 
found to correspond to a working fibre stress of 6370 lbs. per sq. 
in,, and the larger one, 200, to a 6bre stress of 11,400 lbs. per sq. 
The form of the equation in the Massachusetts Boiler Hules 
such that it does not admit of a ready comparison with formula 
[69). It may bt- said, however, that for ordinary pressures and 
thtcknes.t of plates the results agree very closely for working fibre 
3tr<'sees of from ,5000 to ,'5-500 lbs. per sq. in. 

Helical Seams. ^ It has been shown, page 58, that in the 
of a thin cylindrical shell subjected to internal pressure the 
mt stress on a longitudinal croqs section is twice that on a 
iverse cross section.' These planes being principal planes (see 
page 51) one stress is a maximum, the other a minimum. There- 
fore, the stress on any inclined plane will be less than that on a 
longitudinal section, hence, for a given pressure, an inclined joint 
not have as high an efficiency as would be required were the 
it arranged longitudinally. This has given rise to the produc- 
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HELICAL JOINTS 
MAXIMUM°EFFICIENCY 

Fio. 30A. 
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tion of helically riveted joiuts on cylindrical sheila, especially 
where the diameter is small and the length comparatively large as 
in the case of pipes. For large diameters and short lengths, as in 
steam boilers, inclined joints have not come into favor, due to the 
necessary loss of plate. While the resultant stress is not normal 
to the center line of the joint, there being a component of shear on 
this plane, it is customary to use the resultant stress in calculating 
the efficiency of the joint. From equation (IJ at the opeiung cf 
this chapter, the stress on any inclined joint may be found. 
Let 6 = angle inclined joint makes with longitudinal joint. 



■2 p.. 

= H4p.Ul -sin'fl) +p. 



?(^- 



.■S)>. 



(71) 



To facilitate the solution of problems involving the use of 
equation (71), two plots. Figs. 30A and 30B, have been prepared, 
From the former may be read the efficiency of an inclined joint 
necessary to make the seam as strong as the solid plate, that is, 
to correspond to a longitudinal joint of 100 per cent efficiency. 
Fig, 30B is similar to 30A, but is somewhat more general in its 
apphcation. From it may be found the corresponding efficiencies 
of an inclined joint and a longitudinal joint, for equal strength, 
when the angle between the joints is known. Concrete examples 
will best illustrate the use of the plots. 

Problem 1. Find the required cfEcipncy of a helical joint mnkinp an angle 
of 75° with the axis of the shell if the joint is to make the cylinder the equiva- 
lent of one without a aeani. 

From the plot, Fig, 30.\, it is found that for "S", aa efficiency of 54.8 per 
cent will give a helical aram of maximum efficiency. 

Problem 2. In an air tank it \e desired (o use a joint of 34 per cent effi- 
eiency. The angle of inclination of the joint is 26°. To what efficiency of 
longitudinal joint doca thia correspond? 

Interpolating the plot, Fig. 30B, it is found that for 26° and 54 per cent 
efficiency of inclined joint, the efficiency uf longitudinal joint is 5S.5 per cent- 

HpHcally riveted pipe is on the market • in sizes from 3 inches 
to 42 inches diameter, and thicknesses varying from 0.0375 inch to 
• American Spiral Pipe Works. 
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O.1406 inch for standard pipe. Three widths of strips are used, 
viz., 9, 12 and 15J inches, with laps varying from 1| to If inches. 
With these dimensions, in all cases except the 3 and 4 inch pipes, 
the full strength of the pipe may be obtained with a joint of less 
than 60 per cent eflSciency, which is readily obtained with a single- 
riveted lap joint. This increase of effectiveness of the joint 
when inclined may be taken advantage of in patching cylindrical 
shells, the joints being inclined rather than longitudinal. 



CHAPTER III. 
FASTENINGS BY RIVETED JOINTS. 

23. Rivets. — The rivet constitutes the simplest form of fasten- 
ing. It consists essentially of a permanent bolt, head, nut and 
body forming one piece. When once set in place it cannot be 
removed except by cliipping off the head. Bolts and screws are 
usually arranged to hold their loads by axial tension. Owing to 
the flexibility in rivet heads, such fastenings are not considered 
wholly reliable when subjected to tension. Hence, when possible, 
rivets are set to bear their loads by shear. In some cases, such 
as the staying of the walls of certain pressure vessels, a small 
amount of flexibility is desirable to accommodate expansion and 
contraction. The rivet under such conditions is well adapted to 
hold a tensile load. 

Rivets are hot-pressed to shape from round bar stock. The 
shank is sometimes slightly tapered near its end to facilitate its 
entrance into the hole. One heaii and the shank are finished at 
the time of manufacture though the shape of the head may be 
altered later, due to the method of driving the rivet. For ease in 
placing rivets in position, their shanks are made one-sixteenth 
inch less in diameter than that of the holes they are to fill. When 
well set, however, they are as3ume<l to fill the holes entirely. 
Therefore the actual diameter used in calculation, and that speci- 
fied on design drawings, is the driven or hole diameter. 

24. Driving Rivets. — Rivets may be set when either hot or 
cold, depending upon the character of the work and the rivet 
material. Small and unimportant rivets may be set when cold 
provided they are made of soft, ductile metal which will not be 
injured by rough treatment. Large anfl important work, however, 
is practically always finished by shrinking hot rivets to place 
under intense pressure. When setting field-driven rivets and 
working on repairs, a portable hand forge, using screened coke or 
coal, is generally employed to heat the rivets to a bright red. 
For permanent use in the shop a petroleum or gas oven ia best 
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^pted. Great care must be exerciaed to avoid over-heating 
tad burning the rivets. If left in the fire to "soak" at full heat 
for long periods, the character of the rivet material is changed 
and its strength greatly reduced. 
In general there are three methods of finishing the work: 

(a) Hand riveting; 

(b) Machine riveting; 

(c) Pneumatic riveting. 
The importance and accessibility of the work together with the 
appliances at hand generally determine which method shall be 
used. 

(a) Hand Riveting. — The hot rivet, after insertion in the hole, 
ia held in place by a boiler-maker's anvil securely braced against 
some other part of the structure. Workmen striking alternating 
blows with hand hammers beat the head to approximately the 
tot form. A cupping tool, or "snap," containing a cavity of 
exact contour desired for the driven rivet head, is plEiced over 
the partially finished work and given a few sharp blows with a 
Biedge hammer. This gives the head the final shape and finish. 
There is always more or less lack of uniformity in hand-riveted 
jTork owing to differences in the heat and in the time spent in 
iving successive rivets. The skill of the workman has also 
luch to do with the strength of such seams. With a faithful 
and skilful performance of the task the results, however, are very 
good. Owing to the increasing expense of hand-driven riveting, 
this method is seldom used at present. In rapid repair work 
and in some Lsolated localities where other methods ate not possi- 
ble, the hand-driven' rivet in occasionally employe<i. Naturally the 
impact of the hammers and cupping tool tends to injure thin 
rlls, and care must be taken that the anvil or "holder-on" is 

braced against the rivet while it is being driven. 
(6) Machine Riveting. — For machine riveting the inserted 
'ftt is brought while red hot into line with the plunger of a steam 
hydraulic press. Dies, carried by the plunger, are capable of 
ig a pressure varying, with the size of the rivet, from twenty- 
to one hundred and fifty tons. The rivet heads arc thus accu- 
(ly forced to form, the pressure being held upon them for a 
interval while cooling. A jet of water is arranged to play 
ta the rivet as soon as set and thus hasten its contraction, 
having cooled to blackness the pressure is removed and con- 
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sequently the rivet grips the plate with great intensity. Ma- 
chine-driven rivets, when act in an accurate manner, show great 
evenness anrl uniformity of strength. 

(c) Pneumatic Riveting. —■ A pneumatic riveting hammer con- 
sists of a vibrating air piston carrying the rivet (Ue or "snap." 
The hot rivet, inserted in its hole, is held in place by a poeumatic 
anvil or holder-on. The latter consists of a heavy air piston and 
cylinder comiected to pneumatic pressure. When braced against 
some solid portion of the work and subjected to air pressure this 
anvil holds the hot rivet securely in place. The pneumatic ham- 
mer is then brought to bear upon the protruding rivet shank and 
lieats the head to shape before cooling. Many otherwise inacces- 
sible places can be reached by the pneumatic riveter, and where 
the jar of the piston is not injurious to the work, excellent results 
are obtained. 

Rivets set while hot grip the plates with great force due to their 
contraetion upon cooling. Very long rivets, especially when 
formed of certain alloys, may contract to such a degree as to over- 
strain themselves upon cooling. Care must be taken to heat 
such rivets to dull retlness only before driving. Sometimes the 
driven end only is heate<l. To a reasonable degree rivet contrac- 
tion is desirable in order to keep the seam from leaking and to 
produce friction between the plates forming the joint. 

26. Rivet Heads. — While there is no exact agreement 
among rivet manufacturers or users as to the standard shape of 
rivet heads, Figs. 31 to 40 inclusive show the usual proportions 
in terms of the actual or undriven diameter. The particular 
form of the rivet head for a given case is determined by the pur- 
pose for which the joint is intended. When the riveting is designed 
merely to resist rupture, as for instance in the members of a roof 
truss, heads of smaller size and containing less material can safely 
be used. On the other hand when the seam must not only sus- 
tain severe stresses but be staunch enough to confine fluid pressure 
as well, heads of greater stiffness and amplitude must be used, 
rigs. 31, 32, 33 and 34 show the proportions of heads generally 
used in pressure work, as their width and depth would indicate. 
The cone head, Fig. 31, is the usual one pressed upon commercial 
rivets as they come from the manufacturers. In hand-riveted 
work this head appears on the under side of the seam. Fig. 32 
illustrates the usual form of hand-driven rivet head. The straigbt 
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slope of its sides can be accurately fashioned with a liaad hamnier- 
The thin edges render it too flexible for heavy pressures and the 
sharp point is Uable to bum off when used in externally-fired. 
boilers. The tj-pe most widely used in machine riveting is shown 
in Fig. 33. Its large diameter and staunch sides conmiend it for 
pressure use. A special head vi-ry deep and stiff, used by the 
International Engineering Company in their boiler shop, is illus- 
trated by Fig, 34. The usual form of structural head appears 

TABLE I. 
PROPORTIONS OF STAMDABD RIVET HEADS. 



Fi,ur8. 


Tyim. 


haul In lornuol 
Cu. i™. 


ha. 


31 


Coue 


1,279 «> 


T + "f+i.^D M 


32 


Sleeplu 


1.178 D» 


r + °'ff'' + 1.50D ■ 


33 


Preaaure 


i.oaoD' 


T + 'f-' + ^.^B ■ 


34 


Inter. Eng. Co. , 


1,323/)' 


7- + '»y'- + ,.«,D ■ 


35 


Button 


1.2G8D' 


T^-f'+umD m 


36 


Full countersunk 


0.203 i>i 


7. + »'^='' + 0,73D + dl 








r + °'^'' + 47D + O,lS 


3S 


Swell neck 


0.901 D" 


7-+° '^'•+..150 m 


39 


Straight ne(^k... 


0.901 C 


r+i.i5D fl 


40 


Flat 


1 202Z)» 


r+"-^ + >.«» ^ 



in Fig. 35. Often the room for the head is restricted due to om^^ 
parts of the machine or structure. In such cases the full- or flat- 
countersunk heads of Figs. 36 and 37 have to be used. When 
rivets are subjected to excessive vibration, tending to crack the 
shanks just underneath the heads, a conical enlargement is added 
where the shunk and head join as shown in Fig. 38. Sometimes 
a rivet is designed to fit accurately a drilled hole all the way 
through and to bo riveted into a collar or washer at the other 
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end. In such cases the straight shanked rivet of Fig. 39 would 1 

be used, no clearance being allowed between the rivet and hole. g 

RaChe flat head of Fig. 40 is used in close quarters where there is no ^^M 

^nocternal beat to burn off the sharp corners. ^^M 

f^ It is necessary to be familiar with the general proportions of ^^H 

rivet heads in order to juc^e accurately of the possibility of setting ^^^| 
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the volume of the various rivet beads in terms of ibe actual or 
UDdriven shank diameter. By considering the holes iq the plate 
to be completely filled by the rivet shanks after dri\ing, and 
MUing the extra ToJume contained in the heads, a very dose 
Miprcadmalion lo the correct weight may be reached. The 
voiome given in the table corresponds in every case lo tbat which 
wteoda outside the surface of the plate and does not therefore 
include the tapering portion of a countersunk head. The CTures 
of Fig. 41 give the plotted values of rivet bead vohunes in cubic 
inches for various diameters of shank and for the several fonns 
s'wwn in the previous illustration. 

Is ordering rivets for use in various thicknesses of seam, care 

must be taken that the shank protrudes far enough be)'ond the 

^*irface of the plate before riveting to give sufficient stock for 

furming tbe head. In the last column of Table I is ^ven the 

approximate length of shank necessary for the above purpose. 

* wis takes into account the volume neceasarj- to fill the clearance, 

a m in., anmnd the rivet as wdl as to form the head, where tbe total 

'tuokneas of the plates joined i-s represented by T. Since tbese 

^*l>rf»sion« are somewhat cumbersome to apply, the plot, Rg. 42, 

"*s been worked out to represent the length of rivet shank iwces- 

'**ry in riveting thruu^ a total thicknees of plate T, the a^isump- 

>i*^Q being that a full type of head is to be used comef^nding to a 

KS'olume of 1.3 £H. If extra fuliitess is desired in the bead, the 

^|P^t eighth or quarter inch above that given by the i^ot should 

^«*ft selected. 

26. Holes. — Tbe holea for reeeiving riveta are generallr 
t^Uticheil cold. Since but one thickneaB of plate can be punched 
^t a lime the holes in the two or moie thicknesses to be riveted 
^>geUier rarely come tn correct rv^ster. Tbe drift pin haa often 
^ be called into use in such work to get the rivete into place prior 
^ riveting. A still ^eater objection to this method ia tbe leseen- 
'oe of tbe temale strength of the metal around the holes, ihie to 
injur)- from punching. In thick pbtca egpeeiaBj, the prtflBure of 
the punch, combined with the diSereooe in ifiameter of punch 
uiii die, causes a lateral flow of metal resulting in jagged-edged 
lu>l<s. Tbe burr left \iy tbe punch greatly reduces the holding 
power of tbe rivets also. Htliile the uae of a iH'Ucal punch prodoc- 
■Qg a pragreasive ihear snmnd tbe bole IcnenB the injury soioe- 
<riiat, extensive teal* ban abown that the iom in lenole etfcOBlli 
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between holes due to punching is about 12 per cent. For th* 
above reasons cold-punched holes in their natural condition ar« 
now seldom used for boiler work. In the best classes of marine 
work it is required by law that all rivet holes shall be drilled 
from the solid metal. 

27. Preparing Rivet Holes. — The injury done to the plate 
by punching holes may be partially remedied in two ways: 

(a) Antienling; 

(b) Reaming the holes. 

A thorough anneaUng after punching will restore in large measure 
the plate strength, The rough holes, however, are still severe in 
their action upon the rivets. It is generally impracticable to anneal 
portions of large sheets merely for the sake of the rivet holes. A 
more effective method is to drill or ream out the punched holes to 
size, thus removing the rough edges as well as the adjacent dis- 
torted plate. It is perfectly possible to ream several thicknesses of 
plate at once and thus secure a wrrect alignment of all the holes. 
After punching and bending the plates to shape, the tank or 
boiler may be assembled and all the rivet holes reamed in place. 
In the case of plates } iu. and less in thickness, the punched hole 
is made J in. less in diameter than the hole desired after reaming. 
For -^ in. plates and above, the punch must be i in. less in diameter 
than the finished hole, under Massachusetts Boiler Rules. When 
punched holes are so treated the strength of the metal between 
them is unimpaired. In very careful work the plates are taken 
apart after reaming and the burrs around the holes upon both 
surfaces removed by a special countersink. 

28. Classes of Riveted Work. — Riveted work m^^^ 
divided into three broad classes according to its use: ^^H 

(a) Strudural work; ^^H 

(b) Boiler and tank work; ^^^ 

(c) Hull riveting. 

In structural work the holding power of the rivets, generally in 
shear but occasionally in tension, is the prime essential. In boiler 
work, l»sides the holding power of rivets as fastenings, the joints 
must embody a good degree of staunchness in order to be proof 
against leakage. In hull work the question of leakage presents 
but little difficulty, due to the low fluid pres,snres under con»der- 
atdoD, while strength and durability are the chief requisites. 



CALKING 

29. Calking. — Riveted work as it comes from the machine 
ver proof against leakage, but must be calked tight. For 
'liis reason riveted plates are always given a cprtain overlap. 
The distance of the rivet center back from the edge of the plate is 
giivemed by conditions of staunchness (|uite as much as of strength. 
There must be metal enough ahead of the rivets in all cases to 
prevent them from rupturing the lap. At the same time the lap 
must be a proper one to facilitate calking to tightness. The 
action of calking is represented by Fig. 43, The flat-ended tool 
Bhoffu above, actuated either by hand or pneumatic hammer, 
gives the lap edge a preliniinary beating down and leaves a thin 
sharp edge. A second tool having a narrower end is then sub- 




ACTION 0^ CALKIM 

Fid. 43. 

Mted for the previous one and this edge is driven back beneath 
e upper plate. In driWug back the edge to tightness the upper 
e ia severely sprung up and reacts against the lower one after the 
nncT of a deflected cantilever, with sufficient intensity to keep 
B fluid pressure from passing the calked edge. Very frequently 
i careless use of calking toots with sharp corners cuts into the 
lower plate to a degree sufficient to cause injury. Great care 
should be taken that the operation of the calking tool is confined 
to its legitimate place at the edge of the upper sheet. 

The passage of the pneumatic calking too! over a seam should 
be steady and continuous. To secure the best results the distance 
between rivets on calked edges should be kept uniform, all the 

Ihea of plate being calked therefore with equal tightness. It 
ery difficult to calk around sharp rectangular corners, the 
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action of the too! along one side of the angle serving to d 
other aide. Such corners, therefore, should be chipped to a radi 
of three-fourths of an inch or more. The calking tooi if la 
normal to this curve when pacing around the corner will seci 
uniform tightness. When the outside cover plates of butt-joii 
are thinned and widened at their ends to facihtate their insert! 
under external courses at the ring seams of cylindrical shells, 1 
irregular corners resulting should be chipped to a concave of abt 
one inch radius. The passage of the calking tool alot^ the ei 
of the outside cover plate and around the concave will mei 
without interruption into the ring seam and produce tight wo 

30. Lap Limits. — To be proof against leakage the lap act! 
like a deflected cantilever must react against the lower plate, Fig. ■ 
with an intensity of pressure greater than that of the fluid with 
Tests have shown that while there are areas under the rivet heJ 
where the fluid pressure does not penetrate, in general the call 
edge itself, especially in new work, is the final barrier to leaka 
It is perfectly evident, therefore, that short laps and rivcta cl 
together render the calldng easy, while large pitches and it 
laps, due to continuous springing back, render the process diffici 
On the other band small laps are liable to fail by bursting o 
while large ones remove all danger in this direction, A sa 
factory method of designing laps, when considered from both 
the above standpoints, will be given later. 

31. Test Pressure. — Boilers and closed tanks are ordinal 
calked to tightness under eoltl-water teat pressure equal to < 
and one-half times the working prt'ssure, as was noted under ' 
Massachusetts State Rules in Chapter I. Usually the outs 
seams only arc calked. In marine boilers and other very ca 
fully riveted vessels, a preliminary calking is given to the ins 
laps. Alraolutc tightness is Anally secured, however, by calk 
on the outside. 

32. Frictioii between Plates. — The question of friction 
twceii plates is regarded with varying degrees of importar 
American designers for the most part recognize its presence t 
dcainvbility in enhancing the holding power of riveted joints 1 
doubt its value as a basis for calculation. European writers, h( 
ever, have held this feature in murh higher esteem and have g< 
80 far an to base a theory of joint design upon the intensity 
the friction hctw<'cn plates. Inasmuch as it is known that joir 
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!^lip or "take up" a little, while in use, it seems hardly possible 
that friction between plates can be relied upon as a holding power 
in joints. When plalps are new and clean there is considerable 
slip discemiblc in the testii^ macliine long before the working 
load of the joint is readied. An extended series of tests upon the 
liolding power of riveted joints due to friction was made at the 
U. S. Arsenal at Watertown, Mass., in 1882. These tests show 
a wide variation in results depending upon the condition of the 
plate surfaces, but in all ca.'ies indicate considerable slippage at 
loads constituting but a fraction of the ultimate strength. 

33. Riveted Joint Failures. — Riveted joints may give way 
in either of four different ways: 

{a) Tearing of the 'plate; 

(fe) Failure of (he rivets; 

(c) Tearing of plate and rivet faibtre combined; 

(d) Imp rupture. 

^s will be explained later the design of the lap will be carried out 
"* euch a way as to remove at the outset all possibility of the 
'^■iliire [li). Hence the first three failures are the only ones to be 
"•^•nadered in the design of joints. Before making an application 
tt^ auy specific joint, the above failures will be discussed in the 
^H>^ract. 

^^ (fl) Tearing of the Plate. — The most usual method of failure 
•* Ijy tensile rupture between rivet holes accompanied by a dis- 
''**~tion of the joint due to bending. In some fonns of joints the 
"•-^id confined within may so corrode the plate as to reduce its 
"»i«'knes8 and thereby render it still more liable to tear. In other 
l^^xit* an inside cover plate protects the main plate between rivet 
'''^*ies from corrosion. Such a cover 
?V«.te is always made much thicker 
*'^Uii is necessary for the strengt.h 
"• the joint alone, in order to pro- " " 
^Kle plenty of metal to resist cor- 
rosion. Fig. 44 shows the simplest 
torm of joint, called a single-riveted 
^ip joint. In discussing the resist- 
e to failure for any joint an el€^- 
( Inentar^' portion called a "repeating section" must first be chosen. 
Thus, in Fig. 44, if the portion mn be repeated indefinitelj', any 
length of joint may be obtained and whatever is true of the por- 
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tion mn will be true of the whole joint. With the significance 
of the letters shown in the figure and /,, the tensile strength of 
the plate, the resistance to tearing on the line between rivet holes 
will be, for the section mn, 

R. = ip-d)lU 

If the distance between rivets is small the actual fibre stress 
per square inch at failure will considerably exceed the usual 
tensile strength f„ on account of the necked or grooved specimen 
to which the meta! between rivets is equivalent. The reason for 
this increase in tensile strength on the rivet line is due to the rein- 
forcing action which the adjacent p<jrtions of plute exert upon the 
reduced sections between huks. In some cases this enhance- 
ment of value may reach from 10 to 25 per cent. While it is 
certain that this very desirable elTcct is present in all joints to a 
more or less d^ree, the advantage thus gained is rather to be 
relied upon to compensate for the injury due to punching than to 
be conadered as so much net increase in strength. It is not 
customary, therefore, to make any allowance for grooved speci- 
men effect in riveted joints. CompHcated joints with large pitches 
do not participate very greatly in this gain in strength, while in 
simple unimportant ones, with rivets close together, the reverse 
is true. Therefore, whatever gam there is, shows itself where least 
needed. 




(fc) Rivet Failures. — The second method of failure in riveted 
joints consists in the destruction of the rivets. If the rivets are 
small in diameter and of soft material, while the boiler plate is 
thick and hard in texture, stress on the joint of Fig. 45 may result 
in shearing the rivet at the line where the plates touch. The two 
portions of the rivet so sheared are separated sharply and smoothly, 
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Keitber the rivet shank nor the surrounding plate suffers much 
listortion by the operation. The load at which this failure would 

Itake place is represented by the expression 



(here /, equals the shearing strength of the rivet material. 
Sometimes rivets are so located in a joint as to shear upon two 
ftiooB at once. Fig. 46 represents a joint where the main plates 
lut against one another, and two cover plates or "butt straps" 
ivide the connection. In case of the rivets shearing, two sec- 
tions of each rivet would be ruptured siuiultaoeuusly. The 
theoretical reastanee to this failure is 



R. 



T(P 



/.- 



II Another quite different manner of rivet failure is produced 
iy excessive bearing pressure. Imagine the rivet large in diameter 
tad the plate comparatively thin. An increasing load upon the 
Nnt will cause a distortion of the rivet hole, aa ahowu in Fig. 47, 
atally impairing the holding power of the rivet. The cnishii^ 
uf the rivet and plate is generally mutual, namely, both plate 
!ind rivet are severely distorted by the action. This failure is 
generally made evident by the sUppage of one plate upon the 
other, rendering the joint unfit to hold its load or to confine fluid 
pressure. Even though the ultimate destruction of the joint may 
result in shearing the rivets, the fundamental failure would have 
to be attributeil to excessive bearing pressure between rivet and 
plate, it is difficult to analyze the distribution of load between a 
round rivet shank and the plate ahead of it. For this reason 
bearing prtssurea are calculated per unit of projected area. The 
projected area of the plate ahead of the rivet equals dt, and this, 
multiplied by the mutual crushing strength fc of the rivet and 
[date as determined from tests under similar conditions, gives 
the total resistance. The resistance to failure of this kind may 
a be expressed as 

R. = dlU 

fcMany tests have been made to determine the relation between 

e values of/, for single and double shearing under practical con- 

Single-shcar testa have generally been made upon joints 
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amilar to Fig. 44, As will be poiiited out later such jointa tend 
to straigbten out under a load, with the result that considerable 
ti'naion cornea on the rivets. In double-shear tests, upon joints 
similar to Fig. 46, the rivets are suitably located to receive their 
loads without distortion. The friction between plates also tends 
to increase the toad necessary to shear the rivets. It would seem, 
therefore, that the strength of a rivet in double shear ought to be 
at least twice as much as in single. In many tests along this line 
the rivets were so targe and the consequent Iwaring pressure so 
great, that failure should have been attributed to crushing rather 
than to double shearing. Even though the rivets were finally 
dragged apart at a low figure in double shear, the real failure was 
due to excessive bearing pressure. Before crushing was recog- 
nized as a rivet failure, various Boards of Inspection and Insurance 
arbitrarily fixed the value of double shear as less than twice single 
shear in order to keep the bearing pressure upon the rivets suffi- 
ciently low. Such is the case at present in the Massachusetts 
Boiler Rules. It appears much the more logical way to assume 
that double shear is twice single shear and then to give careful 
attention to the bearing pressure as a separate item. 

A series of testa made upon the Government Testing Machine 
at the U. S. Arsenal, Watertowu, Mass., tlirows some Ught upon 
the question of the relative strength of rivets in single and double 
shear. The t.ests are reported in "Tests of Metals, " 1882 and 1886. 
The average shearing strength of the rivets in nineteen single- 
shear joints was 39,480 lbs. per sq. in. Under identical conditions, 
thirty-two double-shear joints showed an average rivet strength 
of 39,040 llis. per sq. m. The joints were entirely comparable in 
every respect and the same grade of soft rivet iron was used 
throughout. From these tests it would appear that the shearing 
strength per square inch may be taken the same in single Eind 
double shear. 

(c) Combined Rivet and Plate Failure. — In most complicated 
joints with several rows of rivets, there is liability to failure con- 
sisting of tearing the plate upon one line accompanied by 1;he 
destruction of the rivets upon another. The mathematical fono 
of the resistance to this failure varies so widely with the type of 
the joint that no general expression for it can be given. The 
expression consists of the tearing strength of the plate added to 
the rivet failures necessary to permit the tearing to take place. 
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(d) Lap Failure. — A fourth method of failure for riveted joints 

'» by lap rupture. With very thin ptate a rivet uiay be imagined 

llo plow its way to the lap edge, as shown at b in Fig. 48, removing 

Hie plate in front of it by ahear. As a matter of fact with practical 

a this rarely happens. The way 
1 which lap rupture ordinarily oc- 
; is represented by a. Fig. 48, 
I metal ahead of each rivet ia 
ided by the tension in the joint 
mch after the manner of a minute „ , , 

The failure of the lap ahows 
i tj-pical beam rupture by breaking on the lower or tension aide 
»r the center. 

^ig. 49 illuBtrates the appearance of a riveted-joint specimen 
rJiad bcciL ru|ituTrd. This joint is one of a aeries 




1898 by Miv-^sr.-.. WikkT i Wcssuu lu tli^ laboratories 
t the Masaachuaetts Institute of Technology. The appearance 
I the ruptured laps is very significant. The edge opened under 
e rivets in a manner entirely similar to the rupture of a beam and, 
i.the t*st could have been stopped at that point, the method of 
B would have been still more evident. Furthermore, the load 
i rupture corresponded very closely with that derived from cal- 
euiatiag the laps aa beams. 

A method of lap deaign will later be explained, having the 
beam theory for its basis. The amount of lap ia largely under 
the control of the designer and if the former is properly deter- 
mined, this method of failure may be entirely eUminated from the 
-joint, as was previously stated. Frequently the lap is arbi- 
' aitsumod to be one and ono-half times the driven rivet 
meter. 
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34. Arrangements of Rivets. — When several rowa of rivets 
are used in lap joiuts the riveta may be arranged in either of two 
ways: — 

(a) Chain Hveling; 
{b) Staggered riveting. 

If one rivet b placed directly behind the other, as shown in 
Fig. 50, the joint is designated as chain riveted. This method is 
generally used in structural work. When, however, fluid pressure 
ia to be confined, as well as great strength secured, the rivets 
should Ije disposed as shown in Fig, 51. This is called staggered 
riveting, and greatly enhances the value of the joint as a means 
of holding fluid pressure. In order to make the calculation of the 
joint as definite as possible, the tearing of the plate should take 
place along a horizontal rivet line such as n rather than upon the 
oblique lines s and a. It has been well established by experiment 




that if 30 per cent more tearing area is placed on the oblique lines 
s and s than on n, the rupture will be confined to the line i 
Therefore the approximate relation 

3 + s 4 



should be observed in arranging the rivets in staggered rows. 
Taking the significance of the letters suggested in Fig. 52, where p^ 
equals the slanting or diagonal pitch, and observing the above 
relation, 

P, = l{p-d)+d 
^2p + d 
3 
Then k, the distance between rows, will be 



=vf¥?=(iy- 
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n the work may be done more expeditiously by using the fol- 
iiig graphical solution. Divide the net metal ab between rivet 
»le&, in a horizontal direction, Fig. 
I, into three equal parts. Taking 1 
H radius consisting of a rivet diam- 
eter plus iip — d), strike from each - 
rivet center arcs intersecting at g. 
The distance A between ab and g will 
the required distance between 




3TAoceRE0 RIVET smcms 
Fig, 52. 



Rivet Di&meters. — Before 
taking up the design of any par- 
ticular joint it is necessary to miike 

a careful study of rivet failures. It was noteil under the sub- 

of joint failures that the destruction of a rivet might be 

:omplisbed in either of two ways, namely, by shearing or 

The two general expressions for rivet failure may be 

itten : 

/. When rivet shears, Resistaiice = ~rU 
II. Vfh&i rivet crushes, Resiatance = dtj^ 
iembling the constants, for a given plate thickness, and denoting 
iera by d and Ci, these expressions become 
/. Shearing Resistance = CiiP 
II. Crushing Resislarice = Ctd 
It is evident, therefore, that the shearing resistance of a rivet 
varies with the square of its diameter, while its crushing strength 
^jsries with the first power. A plot ^f shearing and crushing 
^Brengths with increasing diameters will show a curved Une of 
^nrabolic character fur the shearing and an inclined straight line 
^Bar the crushing strength. 

In Fig. 53 the curve Oa, a parabola upon the axis 0-4, represents 
the increase in shearing strength of one rivet section as the diam- 
r increases. In the same manner the curve 06 represents the 
i in double-shearing strength, as the diameter increases. 
straight linen Oc, Og, etc., show the increase in crushing 
rength for various plale thicknesses as the diameter increases. 
i. ptrintB such as c, where the crushing and shearing lines 
>, the strength of the rivet is the same for either method 
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PLOT OF RIVET STRENGTMS 
STEEL RIVETS 

fs - 4SA0a LB3. PER Sa INCH d - ORIVCN RIVET DIAMCTtn - INCHES 

1e ■ a«,ooo LBS. ptB aa inch 1 - piati r 

Fig. 53. 
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**^ failure. Thua in i in. plate a steel rivet 0.679 in. in diameter is 
^*\Ually liable to fail by shearing or crushing. To find this crit- 
^*^1 diameter numerically, the shearing and crushing strengths of 
* rivet in i in. plate should be equated: 



Then 






.... (73) 

From laboratory experiments upon riveted joints with steel and 
iton rivets the following values have been deduced; 
/, = 45,000 lbs. per sq. in. for steel rivets; 
/, = 38,000 lbs. per sq. in. for iron rivets; 
fc = 96,000 lbs. per sq. in. of projected area for steel 

or iron rivets in steel plates; 
/i = 55,000 lbs. per sq. in. for steel plate. 

BuWuting, ^-|Sji;^ = 0.679 i™. 

It is evident from the plot that a rivet smaller in diameter than 
iiis critical size is liable to fail by shearing while one lai^er is 
beaker in its resistance to cnisliing. Hence, when the critical 
iameter is determined for a given thickness of plate, the method 
of failure of the rivets used may be predicted by reference to the 
curves of Fig. 53. A concrete example of values read from Fig. 53 
will make the matter clearer. 

Problem. 

Determine the riwistanutM to single shearing and cmshing for Ht«<'I riveU 
b&ving diamel^rit of ] in., 0.849 in., and I in., when used in plate ^ in.. 



Diameter of rivet , , I in O.S40 in I in. 

Reaictonce I u single «he&rinK .. .19,9(X) 25,400 3G,30O 

R««8tftnce I.O nriuthing 22,500 25,400 30,000 

iny steel rivet, therefore, selected for use iji V'li in- plate, if leas 
laD 0.849 in. in diameter is liable to fail by shearing, and if 

ST, by excessive bearing pressure. 
[ To render comparison with proposed rivet diameters more 

t the following table of numerical sizes is inserted. Table II 
I the mathematical equivalent of. the plots shown in Fig. 53. 

much as soft wrought iron rivets are still used in some 
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classes of riveted work, the tabic has bccii exlt'tHled to include 
their critical diameters as well. 

TABLE n. 
CRITICAL RIVET DUMETERS. J 
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0.679 


340 


0.804 
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1.005 
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500 


1.20G 


603 
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1.1S8 


0.604 


1.407 


0.704 


1.358 


679 
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0.8W 








1 809 






1.098 


0.S49 


2.010 
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934 
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2037 


I 019 


2,412 


1 20S ■ 
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2-207 


1.104 


2,613 


1.307 m 


2 377 


1,188 


2815 


1.407 ■ 




2-H7 


1,274 


3.016 


1,508 ■ 


I 


2.716 


1.358 


3.217 


l.flOS V 



As a summary of the above discussion the following statement 
may be made: 

For each thickness of plale there is a crilical diameter of rivet equally 
strong for shearing and cnishiru}. Rivets smaller than Uie critical 
diameter fail by shearing and those larger by crushing. 

36. Types of Riveted Joints. — Before proceeding to the 
di'sijjn uf rivolci! jniiils in regard to pitch values it is well to take 
a brief view of various forms of 
joints and their characteristics. 
Single-rii'eted Lap Joitits. — 
Fig. 54 represents a single-riv- 
eted lap joint. Itconsistsmerely 
of overlapping plates held to- 
gether by one row of rivets. 
^VTicu exposed to tension in the 
direction of the arrows there is 
present a severe tendency to distort the joint in the manner 
shown. This action may be more or less relieved by bending 
the plates to the distorted form before riveting, but in the latter 
case the rivets are exposed to considerable tension as well as 
shearing. The bending action tciKb to open the laps along cc, 
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priMiucing leakage, while cracks in the piatc are liable to stiirt 

wliere the bending action Ls most severe. 
The variation of stress in joints of this type is well illustrated 

by the experiments of Profs. Gibson and Barraclougb to which 
tefcreuce was made in Fig. 14 of Chap. II. The longitudinal ten- 
sion near the ring-seams of the steam drum is entirely relieved on 
line surface of the plate by the compression due to the distortion 
of the joint. Upon the reverse surface the longitudinal tension is 
gwatly increased for the same reason. The latter fact renders 
Ihia joint unfit for use in high-pressure vessels. It is, however, 
us«l tor girth seams in cylindrical sheila where the tension is low 
iukI where the proximity to the fire makes it necessary to employ 
jniuts with but little metal in them. The fact that such joints 
finu part of a circular shell greatly enhances their rigidity and 
tfiids to prevent the distortion described above. With such sizes 
tif rivets and plates as would ordinarily be used in tanks and 
'filers, theoretical efficiencies varying from 45 to 60 per cent may 
^ sKvured with thLs form of joint. 

ihuble-riveted Lap Joints. — Fig. 55 shows a double-riveted 
lap joint with rivets staggered. The efficiency of this type is 
Wgherthan that of a single-riveted 
'iip joint. The same tendency to 
&tortion exists as before, however, 
raw[>t that the greater width of 
jiiiiit makes possible a preliminary 
alignment of plates without sharp 
"foils. It is not, therefore, so hable 
^ overstrain the rivets or crack the 
^acent plate. This joint has considerable metal in it and hence 
la not adapted for girth seams over the fire. For locomotive or 
"tlu^r internally-fired boilers where the outer shell is subjected 
't' si'Vcrc transverse stress it makes an excellent gu-th joint. 
Because of the tendency to distortion, it is rarely used for longi- 
•^^iinal joints under high pressures. With usual rivets and thick- 
"•^Wfls of plate for boiler and tank work this form of joint shows 
efficiencies varying from 60 to 75 per cent. 

friple'riveted Lap Joints, — Fig. 56 shows overlapping plates 
•Wiiirwl by three rows of rivets. There is here again a slight gain 

Esncy over the two preceding joints. The greater width 
it eaeif 



em 



niVETEO LAP JOINT 

Fig- 55. 



■ it easier to bring the plates into line, with the result that 
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there is still less bending effect than in the single- and double- 
riveted lap joints. Triple- riveted lap joints have been used for 
girth seams in very heavy loco- 
motive boilers. This joint under 
, ordinary conditions shows efficien- 
■ cies varying from 65 to 84 per 
cent. 

Welt-plaie Joints. — In order to 
diminish the destructive bending 
^'°- ^^- tendency in lap joints without 

reaching the increased cost and complication of butt-joints, a form 
of seam was devised some years ago called a welt-plate joint. It 
consists of a single-, double-, or triple-riveted lap joint reinforced 
on the inside by a wide cover plate. The latter serves to render 
the joint less liable to corrosion along the lines between rivet holes, 
and brings about a more central loading of the joint under tension. 
Figs. 57 and 58 show single- and double-riveted welUplate joints. 
The cover plate is bent or welted to fit the different levels of the 
plate, hence the name. The tendency to distort is not eliminated 
since the joint is not a symmetrical one. Were the upper plate, as 
shown in the figures, to be withdrawn from the joint by the single 
shearing of the rivets, the load required would be much less than if 
the lower one were removed accompanied by the necessary double 
shears. Therefore the upper side of the joint is the weaker one 
and the design should proceed from that standpoint. These 
joints were much in use for longitudinal seams on locomotive 
boilers some years ago, but their adaptability to the purpose 
has largely passed away with increasing pressures and severer 
demands. 

The outer rivets may be placed twice as far apart as those on 
the inner rows as shown in Figs. 57 and 58; or the outer spacing 
may be once and a half the inner. Calking along the line ab may 
then he performed easily, with the small pitch there present, 
while the large outer pitch brings the efficiency of this type to a 
much higher figure than in the case of the joints shown hereto- 
fore. Under usual conditions the theoretical efficiency of this 
type of joint varies from 68 to 89 per cent. This form has been 
largely superseded by butt-joints. 
BtUt-joiTila. — To remove effectively the tendency to distortion 
k in riveted joints, the plates to be joined should lie naturally in 
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line with one aDotlier. Some form of cover plate or butt str» 
inside and outside, should then be used to complete tlie joiD 
Figs. 59, 60, 61 and 62 show such types of jointa. 

For medium pressures the butt straps may be narrow and < 
the same width, as shown previously in Fig, 46, on page 96. O^ 
casionally when it is essential that these joints shall not offe 
obstruction to the circulation of water in narrow spaces, the ir 
side cover plates are omittetl and the joints become single-covere' 
buttrjoints. Such joints consist essentially of two lap joints h 
immediate proximity to one another and are liable to the distot 
tion which was described above. 

Where higher efficiencies are desired the inside cover may b 
made much wider than the outer. One, two and sometimes thre 
rowB of rivets may be used to secure the narrow outer cover platt 
while one or two additional rows may be inserted in thq extensioi 
of the inside cover plate. Fig, 59 shows a typical douLle-rivete- 
butt-joint; Fig. 60 a triple-riveted butt-joint; and Fig. 61 one a 
the quadruple-riveted pattern. As in the previous joints, th 
rivets on the outer row may be spaced either once and a half a 
twice as far apart as those on the inner row. With quadruple 
riveted joints a large number of variations in rivet arrangemen 
is possible. One of these is illustrated in Fig. 62. These joint 
represent the best practice of the present time in boiler worli 
A wide range of efficiencies varying fn>m 75 to 95 per cent may b 
secured under ordinary conditions. There are verj' few authenti 
instances where longitudinal boiler seams consisting of butt 
joints have ruptured. 

The large mass of metal in all forms of longitudinal joints re 
quires their total removal from the region of the fire. Very widi 
cover platts on the inside of cylindrical sheila may tend to stretd 
from rivet to rivet along a cord instead of following the curvatup 
of the shell. When nncalked inside cover plates arc thus expoeet 
to steam pressure on both sides they are termed " balanced plates, ' 
and as such do not exert the same holding power that they woub 
if they maintained their correct curvature. The rivet rowa 
therefore, should not be placed unduly far apart. 

In order to insure the correct curvature of the inside cove 
plate in butfr-joints, the flat plate, after shearing to the coirec 
size, is rolled against a heavy curved template. A series of tJws 
templates fur various boiler diameters are usually kept on bant 
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10 boUer shops. By ineaDs of thia operation the correct curva- 
"Jre of the cover plate is established throughout its entire 
width. 

flouifo-sAeor Joinis. — On, account of the lack of symmetry 
of boiler joints having insije and outside cover plates of different 
widths, certain designers have recommended the use of tloublc- 
ahear joints similar to the one shown in Fig. 63. The outside 
Mid inside covers are gener- 
ally of equal thickness and 
width so that the hoop ten- 
sion in the shell brings a 
'■^'ntral load upon the rivets. 
^'1 the rivets are in double 
^biiar, whence the name. Mr. 
f". W. Dean, in the Transac- 
tions of the A.S.M.E., A'ol. 
-^?CXI, gives a discussion of 
^s reasons for using this form of joint. The chief advantage 
"insists of eliminating to a partial degree at least the uncertain 
^••fength due to curvature of the wide uncalked inside cover 
plate. 

There are two objections to these joints. First, the efficiency 
i* low, and second, the long reaches of plate between the rivets in 
tHe outer row are difficult to calk unless the outer cover is very 
heavy. In internally-fired boilers, where the thickness of the 
outer shell is unlimited, these joints are simple, staunch and effec- 
tive, as their presence in most large Scotch marine boilers would 
testify. But when the use of 
a thin shell plate is impera- 
tive, the extended inside cover 
plate with the short ca-lking 
pitch and high efficiency inci- 
dent thereto represents the 
best practice. To avoid the 
long calkii^ distance on the 
outside cover plate, the metal 
has sometimes l>cen cut away 
'"'■ ''^ as shown in Fig. 64. These 

aealloped edges are best shaped by the pneumatic chisel since the 
Q^-acetylene ffame, if used, is liable to injure the quality of the 
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steel forming the lap. Such joints 8huw efficiencies varying from 
55 to 90 per cent. 

37, Calculation of Joints. — Let the simpleat joint be sg- 
lected as an example for calciilatiiig the various proportions. -A 

, repeating section of the singl^- 

" -i I i -i-i, L liveted lap joint shown in F^. 65 

y-^-f-jp-y-r <W — is comprised between the lines "• 

J I ''►I ^j Xt and n. With adequate laps the 

tearing of the plate and the fail- 

3.K6LC mvereo LAP JO.NT yj^ ^f jjjp ^^.^^ jjp^ pj^,y be 

considered in this tj-pe of joi>»*" 
The plates joined are supposed to be of the same thickness. 
Whenever one plate is thinner than the other, the joint should l>® 
deaigned as if for the thinner plate. Writing out the resistances 
to failure for section mn with the usual significance for Sn J' 
and /,: 

/. Resistance to tearing plaie betiveen holes = (p — d) tf, 

II. Resislaricc to shearing one rivel = -j-f' 



III. Resistance to eruitkiny one rivet = dlfc 
These three comprise the only ways m wMch this joint i 



-_j- 



fail. To make a perfectly designed joint the resistances to f a^ ^ 
ure should all bo equal. The joint would then have an exa- —^ 
balance of strength in all its features. Therefore the abot 
three equations should be solved simultaneously for values ^ 
p and d. 

Equating II and III 

TJ-'"f. 

This is the critical diameter of rivet equally liable to fail by crush^^ 
ing or shearing, and Table 11, on page 104, gives a series of numei 
ical values for this expression. C'onimercial rivet diameters var^^3 
by sixteenths of an inch, hence none of those shown in Table K 
are readily procurable. If the al>ove theoretical rivet diamctei 
could be used, I equated to II or III would yield a value for th^* 
pitch, and the latter would be the same from whichever equatSor* 
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it Was derived. Imagine such a rivet to be procurable and to be 
used in the joint at hand. Equating I and II 



^nd equating I and III 



(p - rf) tj. = dtU 
A numerical problem will beat illuatrate the above fact. 



gle-riveted Up joint using Htcel rivets of the 



^V Problem. 

Fbd the pitch value for a aii 
caitjcal diameter in ^ in. plate. 

From Table II the criiical diameter of rivet for -ft in. plate ia 0.84S in. 

Taking /i = 55,000 lbs. per aq. in., 

^ U = 96,000 lbs. per aq. in., 

^m f, => 45,000 lbs. per sq. in., 

^KlDd substituting in both rquations (74) and (75), p = 3.33 ins. 

^B It is interesting to introduce the quantities just determined into 
Hpk onginal expressions for the strength of the joint and note the 
^^lalance of strength. Substituting these values of pitch and rivet 

<liamet-er, together with the numerical values of /„ /c and /(, in 

the original resistances to failure, and reducing, 

I 

^^K b evident that a joint bo designed is perfectly balanced in all 
^^Hb proportions, has no weak spots, and is as liable to failure in 
^Hpw way as another. Evidently the above procedure is purely 
^Hbeoretical. With commercial rivet sizes it is impossible to bal- 
ance all the resistances to failure even in a joint as simple as the 
one under consideration. With a rivet other than the critical 
:, the joint will no longer be equally strong in all ways. Thug, 
a rivet \ in. in diameter had been chosen. By reference 
e II it is seen that this rivet would fail by crushing. 



I. 


Teariim (p - d) tf, 


= 25,430 lbs. 


II. 


Shearivfi '^/. 


- 25,430 IbB. 


m. 


Crushing d^. 


- 25,430 lbs. 
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Equating I and III, as before, 

(p - d) tft = dtfc 

and substituting d = | in. and /c and /< as above, the value 

p = 2.40 ins. 

The three resistances to failure will then yield numerical values 
follows: 

/. Tearinq (p - d) tft = 26,250 lbs. 
11. Shearing^ f. = 27,050 lbs. 

///. Crushing dtfc = 26,250 lbs. 

The resistances against tearing and crushing are balanced since 
they were equated in determining the pitch, while that of shearing 
shows an excess of strength due to the large rivet chosen. Had a 
I in. rivet been chosen the manner of rivet failure would have been 
by shearing. 

Equating, therefore, I and II, with d = | in. and ft and /, as 
before, 

(p _ d) tf, = '^/. 

P = d + l-f, 

or p = 1.91 ins. 

And substituting this value back in the three original resistances 
to failure 

/. Tearing (p - d) tft = 19,900 lbs. 

IL Shearing -^-f, = 19,900 lbs. 

///. Crushing dtfc = 22,500 lbs. 

The simple principle illustrated above of throwing two features 
of joint strength into balance, while all the others represent excess 
of strength, forms the basis of the design of riveted joints. The 
resistance to tearing partakes in a small degree of the enhanced 
strength between holes, due to grooved specimen action already 
described in Art. 33. To a much greater degree the resistances 
to rivet failure are increased by the friction between the plates. 
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The resistance to tearing then is as low as any in the joint and 
should consequently be used as a basis for determining the efii- 
cieucy of the joint and estabhshing its desirability as a means of 
tasteniug. If for some practical reason the pitch is arbitrarily 
reduced below the calculated amount, the resistance to tearing 
'B still furtlier diminished, and the efficiency of the joint may, 
therefore, \ie correctly based upon it. However, if the pitch is 
arbitnirily increased l>cyond the cal- 
''ulated amount, one of the rivet 
failures becomes the least of the re- 
sistances and the efficiency should 
'»e based upon it. 

The pitch calculation for a double- 
"vetcd lap joint. Fig. 6G, may be 
niade in exactly the same manner. "' 

' he reaiatances to failure for the repeating section mn are as 
follows: 
L /. Tearing {p - d) tf^ 

P //. Shearing 2 {""Pj/. 

III. Crushing 2 dtj, 
f' the joint is to unite f in. plate, the critical rivet diameter from 
^ible II is rf = 1.019 ins. Let a \ hi. rivet be chosen, and the rivet 
fitilure will be by shearing. The pitch formula will result from 
•^Uating I and II or 
1^ Cp-d)tf. = 2(^)/. 



= d + 



[m'- 



(76) 



^^ a !]■( in. rivet been chosen, the rivet failure would have been 
i' cnisliing and I = III would have yielded the pitch formula. 



(p-d)l/..2<«/„ 



v,\ 



(77) 



i numerical pitch values may be found by substituting the 

1 rivet diameters in formula; (76) and (77) as before. It 

U be found that the gross strengths of the repeating section will 

bit the same relationship as under the analysis of the single- 



L 
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riveted lap joint. Another significant fact will be noted in that 
equations (75) and (77) , expressing pitch values for crushing rivets, 
are independent of the plate tliickness. In other words so long 
as the chosen rivet is large enough to foil by crushing, the pitch 
which follows from its use in a given joint will be the same no 
matter what the thickness of plate. This fact has an important 
bearing on the question of effieienciea as taken up later. 

In summing up the foregoing it may be said that the general 
procedure in all joints is as follows: 

1° Write all possible methods by which the joint may /ail. 

2° Select a commercial size of rivet (from considerations yet to 

be explained). 
3° By reference to Table II determine the pr(i)able method of 

failure of the chosen rivet. 
4° Equate the rivel failure to the plate failure and solve for the 
pitch. 

38. Efficiency ol Riveted Joints. — The efficiency of any joint, 
represented by V, is the ratio of its strength per repeating section 
to that of an equal length of solid plate. This ratio is usually 
expressed in per cent. In the analysis of the previous joint, where 
the pitch was calculated by the ordinary methods, the tearing 
strength was found to be the least of any in the joint. The 
remark was consequently made that it was a proper quantity on 
which to base the efKciencj'. The character of the tearing resist- 
ance is the simplest and most reliable of any in the list, since it is 
not involved with other resistances nor docs friction between plates 
affect its value to any great extent. Therefore the efficiency of 
any joint using a pitch calculated as above will be 
„ _ Weakest Resistance _ (p — d) tf, 
~ Solid PlaU Strength ~ ptfi 

=^' ™ 

This is the general expression for the efficiency of any joint uung 
the calculated pilch. If the latter is arbitrarily reduced for any 
reason, the tearing strength diminishes at the same time and 
equation (78) still represents the true efficiency. With a pitt^ 
greater than the calculated value, the rivet failures represent the 
lesser resistances. 
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Then in a eingle-riveted lap joint for sliearing rivets, tile pitcii 
iiaving lieen increased, 



and for cmsiiing rivets. 






dj. 



(80) 



L For complicated joints using assumed pitches a general analysis 
rof the strength must be made to tliscover the weakest place. The 
■ latter divided by the solid plate strength will then give the effi^ 
* ciency. 

The end tension in a cylindrical shell is theoretically but one- 
half the hoop tension. Therefore, if the ring seam has half the 
efficiency of the longitudinal joint, there will be a. fair balance of 
f strength. The ring seams for tanks and boilers are ordinarily 
I «ngle-riveted lap joints. The theoretical pitch for such joints, 
especially when thick plate is used, may be so small that the rivet 
[beads would be too close together for practical use. It therefore 
I. becomes necessary to increase the pitch arbitrarily, the efficiency 
r at the same time being reduced. Let the lowest desirable effi- 
[ ciency be represented by F(niin.)- Then for shearing rivets from 
[equation (79), 

V - " 



p=- 



(81) 



(82) 



and similarly for crushing rivets, 

I These formula may be used in seeking the pitch of ring seams to 
I pve an efficiency equal to half or twothirds that of the longi- 
I budinal joint. 

The variation in efficiency for different sizes of rivets may best 
I be studied by substituting for p in formula (78) its value as ex- 
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pressed in tenns of shearing or crushing rivets. The jnteh {» 
niulu (74) for a single-riveted lap joint, shearing rivets, was 



P = d + 



^iSt 



SuhstitutinK this value in V = 

P 

4</. + (T/.)d ^*" 

It is evident l>y iiisiM'ction that this expression varies in value with 
(I, [\w Kreiiter the value of the rivet diameter, the higher the effi- 
cieiicv. It, is soiiu^tiiiies esusier to discern this fact if the known 
values of TT, /« jiiid ft arc inserted and reduced. In the latter caae 
for st<'c*l rivets, 

y ^ 141.4 d .^. 

220< + 141.4d ^ ' 

This fornuila is (Mitiroly equivalent to the usual efficiency fonnula 
(7S) until the riv(»ts n^ach a size sufficient to cause crushing. The 
lMrK<'r \\\v rivet., tlie larger the pitch and the higher the efficiency 
f(»r shearing rivets. When crushing sizes are reached, the above 
e(!i<'iency fonnula (84) is no longer applicable. The pitch fonnula 
(7")) for a sin^l^^-riveted lap joint, crushing rivets, was 

J) — d 

Substituting the value in V = 

P 

dfc 

V = /' 

Jt 

-lih. ("' 

It is (evident by inspection that this expression is independent of 
the plate thickness or rivet diameter and is, therefore, the same 



FACTOR OF SAFETY 



Eor all sizes of crushmg rivets, 
i and /( 



Substituting the kaowa values of 



96,000 



55,000 + 96,000 ' ^ 

= 0.636 or 63.6 per cent. 
[This is the uniform efficiency of single-riveted lap joints with crush- 
ling rivets. Lai^er rivets give larger pitches, but the efficiency 
Ireinaina constant. The same line ot procedure with the pitch 
Iformulie (76) and (77) for double-riveted lap joints results as fol- 
liowB, for shearing rivets: 

y = (V-) ^ (8-7) 

I For crushing rivets. 



{88} 



_ 2/. 

f. + v< 

lie latter expression reduces to V = 77.7 per cent, the uniform 
' ^ciency of double-riveted lap joints with crusliing rivets. It will 
be shown later that all forms of riveted joints present a fixed value 
for the efficiency when crushing rivets are used. 

The question of efficiencies may be summed up, then, by the 
rfoUowing statement: 

The efficiency of any riveted joint, usiTig the calculated pitch, in- 
vises with OH increasing diameter of rivets as long as the rivets shear. 
When a diameter sufficient for crushing has been reached, no farther 
mincrease can be secured and the efficiency is then a maximum. 

39. Factor of Safety. — Whenever the original factor of safety 
1 the solid plate before riveting is known, the final factor may be 
Ifound by multiplying the original factor by the efficiency of the 
^ joint used. But very often the original factor is lost sight of, 
the reason being that a commercial thickness of plate was assumed 
differing from the theoretical. It is then generally easier to in- 
vestigate the factor independently. The factor of safety may be 
defined as the quotient obtauied by dividing the strt-ngth of the 
joint at its weakest point by the load to be borne. In joints usii^ 
J the calculated pitch, it has been shown that (p *- d) tfi is the low- 
b resistance to failure. The hoop tension per inch of length in 
fylindrical shells is the product of the pressure by the radius, or PR. 
Then 

JV^d)Jf. 



Factor of Safely on longitudinal joint - 
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This is evidently equivalent to the efficiency multiplied by 

the ordinal factor of safety -pj^ • 

In designing shells of builers and tanks it is well to assume a 

reasonable efficiency for the proposed longitudinal joint and to 

take this quantity into account together with the desired factor 

of safety in calculating the thickness. Whenever corrosion may 

reduce the tearing strength as shown 

in Fig. 67, the fact should be antici-, 

pated by using the effective section 

after corrosion in computing the factor 

of safety. When Joints are protected 

by inside cover plates allowance for 

corrosion is unnecessary. 

Since in cyhndrical ahelU without stays the end tension is but 

half the hoop tension, the factor of safety on ring seams will be 

as follows: 

FaacrcfS«fa«mrin,^m-^^Sl2SS^pn!!SMl, (90) 

With stay rods or tubes the factor will be considerably more than 
the above expression. 

40. Selection of Rivet Diameter. — From the foregoing dis- 
cussion of pitch and efficiency it is evident that no absolute rule 
can be given for selecting the rivet size. The chameter of the 
rivet chosen for boiler joints depends upon four conditions: 

1° The rivel must be of commercial size, namely, its diamxier 

must be measured in integral sixteetiiks. 
2° The pitch which follows from the selected rivet size must not 

be so great as to permit leakage after calking. 
y The rivet should be such as to secure a maximum eficiency 

for the joint, namely, it should be a crushing rivet if 

possible. 
A° The rivet must be within the capacity of the riveting machine 

as regards pressure when driving. 

41. Limiting latches. ^ The question of limiting pitches has 
been the subject of much controversy and experiment. Since 
very few boiler joints are calked on the inside, it is fair to assume 
that the steam pressure enters the joint when new to the extern 
nally calked edge. While the tightness of the rivets, due to con- 
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- yyy - 



>p-d-] 



traction upon cooling, keeps the 0uid pressure from leaking around 
their heads, it is certain from experiment that the fluid enters 
between the plates under their beads to a considerable extent. It 
tiiiiy be assumed, as the worst possible case, that there is uniform 
fluid pressure throughout the joint as far as the calked edge will 
permit. Such a condition for a single-riveted lap joint is repre- 
sented in an exaggerated form by Fig, 68. The calked edge ah 
is the final barrier to leakage 
snd the area of plate abce be- 
tween rivets is approximately 
in the condition of a ht^am 
fixed in direction at the cnila 
"iJ uniformly loaded. The 
a.i3umption of fixed (.firection 
*' the ends is warranted by 
'''e continuity of the boiler 
plate, and the tightness of 
"old which the rivets obtain 
"Y Contraction, 

In this form of joint the plate exposed to fluid pressure is two 
'*P8 wide. The usual rule that the lap is J rf would make the 
''ypothetical beam width 3 d. Its length may be assumed to 
extend from surface to surface of rivet shank, a distance (p — d), 
'' 'S- 68. Since the underlapped plate is exposed to pressure upon 
both sides, it will not show any deflection. The overlapped plate 
^'•'l bulge slightly under pressure sis shown in the lower view, 
/ he usual formula for the deflection at the center of a Ijcam fixed 
"" *iirection at the ends and unifonnly loaded is 




i 



agnificance of the letters is ss follows: 

K) = deflection at center of beam. 

W = total load distributed over the beam. 

/ = length of beam. 
E = modulus of elasticity of beam material. 

/ = moment of inertia of section of beam about neutral a 



6s 



-Applying the above formula to the conditions expre-ssed in Fig. 
the following significance is evident: 
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vq = greatest allowable deflection at center of pitch consistenr^ 

with tightness. 
F = working pressure, lbs. per sq. in. 
J F = usual test pressure, lbs. per sq. in. 

W = total load on beam area abce when exposed to test pres — 
sure, lbs. 
= |F(p-d)(3d)lbs. 
= I Fd (p - d) lbs. 
I = (j) — d) ins. 

E = 28,000,000 lbs. per sq. in. for steel plate. 
3(ft« 



/ = 



12 

— ^^ • 
4 



Then ^^^iFd(p^d)(p-d)^ 



384 i; 



(f) 



If now the maximum deflection is calculated in joints having 
pitches which may be considered large and near the limit, such 
deflections should form a fair basis for estimating the tightness of 
other joints. In this manner the deflection in well-designed joints 
has been found to approach 0.00035 in. at the center of the pitch 
length. 

The maximum value of plate deflection between rivets consistent 
with tightness forms the subject of a series of tests made in 1895 
by Mr. F. A. Park in the laboratories of the Massachusetts In- 
stitute of Technology. By means of very careful micrometer 
measurements, he found that the permissible bulging of the plate 
between rivets at the time leakage first appeared, lay in the region 
of 0.0004 in. It will, therefore, be assumed that a well-calked 
lap will permit a calculated deflection of 0.00035 in. at the center 
of the pitch huigth without leakiige. Substituting this quantity 
and solving for values of {p — d), equation (91) becomes 



_ ^ _ /A)4 (28,000,000 ) ( 0.00035) t^ 
^ ^-y SF 

or =21.38y/J (92) 



METHOD FOR COMPLICATED JOINTS 



121 



At the end of the present chapter is pven a set of tables showing 
tbe nmximuni allowable pitch along calked rows, based on the 
above discussion. 

Whenever the feasibility of using a certain pitch is in question, 
a comparison of the proposed value with those given in Table XXII I 
"tII afford a safe criterion of calkability. 

As was pointed out in a previous paragraph, crushing rivets give 
"laximmn efEciencies. Whenever consistent with tightness, there- 
'ore, it 13 best to select such diameters. Ordinarily hydraulic 
nvelers will set rivets up to IJ ins. in ihameter in a satisfactory 
"lanner. To be fully con\'iuced that the selection of a rivet diam- 
fler is the beat possible one it must be viewed from the four stand- 
points given above. When the maximum efficiency has been 
""tained, it is often best still further to increase the rivet diameter 
" the calking pitch will permit, in order to obtain larger pitches 
^nd, consequently, a less number of rivets in a given length of 




42. Method for Complicated Joints. — The double-riveted 
■^uiujoint with exten{led inside cover plate fihown in Fig. 69 will 
***^ Used to illustrate the general 
•^tthod of procedure for compli- 
'^ted joints. Similar methods 
ttiay be pursued for other types. 
•1 the joint chosen each cover 
plate bears approximately half 
*he load. To avoid unneces- 
'^ry complication, the sum of 

the „,„ plate Ihiokm- i. .^^".UZ"^. 

"^^ade considerably greater than ,, , -„ 

the boiler plate thickness. 

Therefore, the cover plates, even after corroaon, will never tear. 

*Q the following analysis of the joint, a method will be shown 

for calculating the least allowable cover plate thickness. Very 

frequently, in boiler work, both covers are made ^ in. less in 

thickness than the main plate. Whenever there is difficulty in 

•"iilkiug the outer cover to tightness, the thickness of the latter 

'"ay be made equal to or iV in. greater than that of the main 

I plate. For convenience a repeating section ab will be so chosen 

^^^B to embrace one pitch length of plate on the outer row of 

^^pvets. The resistances to failure will be taken up, first, in regard 
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to tearing the plu.l<^, aiid second, from the standpohit of rivets 



I. ^^ 



I. Tearing on line ab. 
Resistance = {p — d) If, 
This is the simplest and most reliable of all the resistances. 
this reason it is kept the lowest and is later matle the basis of the 
efficiency caleiUation. A well-designed joint should have the other 
reastances, working inward, in a gradually hicreasing scale of 
value. 

//. Tearing on line ce combined with shearing o 
outer rivet on line ab. 
For shearing rivets. 



r crushing ^^^ 



For crushing rivets. 

(6) Resistance = (p-2d}lft + dtj. 
Inasmuch as there are more holes on the inner line than the outer, 
there will be less plate strength on line ce, hence tearing on the 
inner row must be investigated. The extended inside cover plate 
provides a secure reinforcement against tearing on ce by the 
holding power of the rivet at ab. Before the boiler plate can be 
torn at cc, the holding power of the outer rivet must evidently 
be destroyed by shearing or crushing. Since the outer rivet joins 
plates of two different thicknesses, the crushing will take placo 
against the thinner one. Therefore, (j is used in II (b). 

Sometimes an additional row of rivets is inserted in the narrow 
cover plate making a triple-riveted butt-joint. Fig. 60, on page 107. 
It may he noted that tearing upon the inmost line of rivets is never 
liable to occur. The tearing areas of plate per repeating section on 
lines ce and/g are equal. Before tearing can take place on fg, all 
the rivets outside of that line must be destroyed. Manifestly the 
liunost row prasents a large excess of strength over the two outer 
ones and no additional knowledge will be gained by including its 
strength in the list of resistances to failure. 

Next, rivet failures will be considered. 
///. The rivets may all shear. 
Resistitncc = ■'"' (~T")/' 
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Two of the rivets are in double shear and one in single. In this 
ilisciiasion doultle shear will be taken equal to twice single shear, 
for reasons previously stated. 
IV. The rivets may all crush- 
Resistance = 2dlfc + dtifc 
Tlie inner rivetiS receive the full bearing pressure of the boiler plate 
^'■'liilc the outer one, joining as it does a thin cover to a thii'k plate, 
"ould be the more severely stressed by the tliin plate. Hence 
'hp crushing of the outer rivet will take place against the plate of 
ihickness d as in II (fc). 

r. The rivets on Oie imwr row may crush and those on the outer 
raw shear, 
(a) Resistance = 2dl/, + ^yj. 

Tills uuinner of failure is worthy of consideration, because of the 
'lillerence in the conditions surrounding the two lines of rivets, 
fhti inner rivets, securely held by the cover plates, are in good con- 
liition to crush, while the outer ones may very probably shear. 
In wrt&in forms of welt joints, Figs. 67 and 68, on page 107, the 
"lanner of failure is just the reverse, that is, the inner rivets shear 
KJiile the outer ones crush. 

(6) Resistance = 4 (^f. + ^UU 

This resistance is mode possible by the fact that the inner rivets 
J"iD tliick plates, while the outer ones receive the bearing pressure 
of the tliin cover, and hence arc liable to crush. 

The above five resistances complete the possible ones for these 
'JTws of joints. All the resistances involving failure of rivets 
fi^ve A large increment of frictional resistance to Ije added to the 
(■xpreasions above. Wliile the amount of this resistance is a 
wAUtr of conjecture, it is, nevertheless, a real and potent factor in 
'iiiiiinishing the liability to rivet failure. It is ncce.ssary Iwfore 
'"ili'ulating the pitch to insure an increase of strength on the inner 
iiiKs of the joint. The necessurj' conditions may be determined 
'oalhematically hy making 

// (a) > / and II (b) > I. 

(p^2d)tf, + ~f.>(p~d)tf, 
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Simplifying "^ > ^' f* 

Again (p - 2d) tj, + dlj, >(p - d) tf, 

Simplifying li>j (£ 

^n this manner two arbitrary limits are set up, one for rivet si 
and one for cover plate thickness, which must be heeded in ord 
to insure an increase in the strength of the joint upon the inn 
rows. With practical values for rivet diameter and cover pla 
thickness, the above limits are rarely of much importance, sin 
the sizes actually useii generally cxceinl those theoretically i 
quired. In rare instances, where the plates to be joined are ve 
thin, the theoretical cover plate thickness may fall below half ti 
main plate thickness. In such cases, the covers should each ' 
made to exceed the half plate thickness by a Uberal margin. 

The determination of the above hmits is all that resistance II { 
and II (6) can establish, the pitch disappearing by cancellation 
the inequalities. To calculate the pitch; first, select a rivet larg 
than the limit just established; second, eliminate by inspectit 
the resistances as to rivet failure which represent excess of strengt 
and lastly, equate the one remaining rivet resistance to the tearii 
of the plate and solve for the pitch. A numerical example w 
best illustrate the procedure. 

Problem. 

Let the boilur plate in the juint of Fig. 69 be \ in. thick and both covers ^ 
1*68. Then ( = 1 in. and fi = i', in. A reference to Table II, page 1( 
gives d| = 0.509 in. as the mtical steel rivet diameter for equal crushing a 
double Bhearing in ] in, plate, and d, = 0.S49 in. as the critical steel rii 
diameter for equal crushing and eingle shearing in f^ in. plat«. 

The eolutioa of equation <93) givea a limiting minimum rivet diameter 
equal to 0.58 in. Equation (04) yields a minimum cover plate thicknua 
0.21 in. Then, the assumed cover platea ft in. thick are suitable oaeB aoc 
rivet larger than 0,5S In. such as I in., for instance, is a proper one. CompBri 
{ in. with if, ■= 0,509 in. and d, = 0.849 in,, the mnlhod of rivet failure may 
seen to be crushing throughout the joint, since d is larger than both ii and 
All the reaiBtances to rivet failure except IV, therefore, may be eliminated frc 
further consideration . A pitch value determined by making I — IV n 
thron these two strengths into balance and all the other resistances to faili 
will represent enceas strengths. 

Now the friction bptwwti plates increases IV far beyond its matheoiatii 
value while I has (.niy a stight enhancement of value due to grooved epoi 
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men action. Resistance I is, therefore, the least in the list and a proper one 
00 which to base the efficiency. 
Equating I and IV 

Substituting 

d = I in., ( = I in., /i = i*^ in. 

and the usual values for ft and /c, 

p = 5.20 ins. 

It is interesting to substitute back the values just determined 
in all jBve of the resistances and note the relative strengths of a 
repeating section of the joint. The following is the numerical 
result: 

I. 89,240 lbs. 

II. (a) 98,210 lbs. 

11. (5) 97,400 lbs. 

III. 135,300 lbs. 

IV. 89,240 lbs. 
V. 90,050 lbs. 

Having calculated the pitch, it yet remains to show that it is a 
proper one to use from the three following standpoints: 

(a) CalkabilUy. 

(5) Efficiency, 

(c) Factor of Safety, 

The calking on this joint is performed along the inside line ce 
wid the length of plate to be compared with the values in 
Table XXIII, at the end of the chapter, is 

I - d = 1.725 ms. 

A reference to the outer cover plate thickness and test pressure 
*t hand will establish the possibility of using the above pitch. 
The eflSiciency and factor of safety should next be investigated 
under the principles laid down in Arts. 38 and 39. Early in the 
Hussion of riveted joints it was stated that, whenever the rivets 
Med throughout the joint by crushing, the efficiency was constant 
^d a maximum. The general expression for the efficiency of a 
nveted joint, using the calculated pitch, was previously shown 
to be 

V 
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Substituting the value for numerator and denominator from th 
pitch formula used in the joint under discussion, 

2 difc + dijo 



2 difc + dtifc + dtft 



tfi 

2tU + t,fc + tfi ^ ^ 

It is evident upon inspection that this expression is a constant for 
a given thickness of main and cover plate. If the cover plate on 
the inside of the joint is made the same thickness as the main plate, 
the expression becomes 

''-37?TX ''^ 

which is the maximum efficiency obtainable for this type of joint. 
Substituting numerical values 

y ^ 3 (96,000) 

3 (96,000)+ 55,000 

= 84.0 per cent. 

Hence, in this case the above statement in regard to constant 
efficiency is shown to be true. A reference to the tables of pitches 
at the end of this chapter also proves that the efficiency with 
crushing rivets is a maximum. With the inside cover plate some- 
what thinner than the main plate, the efficiency is reduced a little 
in its value. A higher efficiency must be sought by using a more 
complicated type of joint. 

43. General Efficiency Calculation. — When the pitch of a 
riveted joint has been assumed from entirely arbitrary reasons, 
the methods previously outlined for determining the efficiency 
are not applicable. A general analysis of the joint strength must 
be made. The ratio of the least resistance to failure to the strength 
of the solid plate will then constitute the efficiency. The manner 
of failure of each row of rivets can be predicted by reference to 
Table II, page 104. The strength of a repeating section of the 
joint should next be calculated for each row of rivets, passing from 
the outside of the joint inward. The lowest resistance to failure 
can then b(» (l(*toct(»d without question. Let the quadruple- 
riveted butt-joint of Fig. 70 represent the proportions of such an 
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srbilraty des^. Let the long pitch be takea as 12 ins., the main 
pkite I in. thick, the inside cover | in. thick, the outside cover j in, 
thick and the rivets J in. in diameter. In the figure the strength 
aUong each Une of rivets ia placed at the side and the ratio 

represents the efficiency of the joint- 

44. Minimum Pitch. — Sometimes instead of using a theo- 
letically correct pitch as calculated above, a conaiderabfy smaller 
<listancc between rivets is arbitrarily chosen. There is danger 
in so doing that the tearing strength will be unduly lowered on 
the inner row of rivets. In the numerical example given in 



[TEAK IJ^CRUSHgn' 

[shear «f.cd- -s sa3.380 LBS. 

TEAR gh^SHEARef.ed- 373J80 LB3. 

TEAR ef SHEAR cd --379,460185. 

TEAHed .• 362.900 LBS. 

TEAR Ob 4I£.900LBS. 
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STRENGTH OF JOINT 

Fig. 70. 

Art. 42, the rivcta failed by crushing throughout the joint. The 
poanble failures were, then, 
/. Tearing miiside, 

II. (b) Tearing atui crushing. 
IV. Crushing all rivets. 

w I = IV gave the correct pitch, after having made II (h) > I 
B of a suitable cover plate. Supposing the correct pitch to 
s arbitrarily diminished, the question arises as to how far the 
iduction may wisely be carried. Making the strength on the 
ler row greater than the rivet failure may be expressed by 
a relation 

// Ih) >IV. 
Then 

{p-2d}tf, + dt,fr > 2 dtf, + dttf, 

(j)-2d)lf.>2difc 
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- This equation inay be interpreted to mean that there should 
always be enough tensile strength of plate between rivet holes in 
well-deaigned joints to load the rivets to their full shearing or 
crushing values. If insufficient plate were used, the rivets would 
not participate fairly in sustaining the load on the joint. 
Solving and substituting 



and the usual constants for /i and /r 

p > 4.80 ins. 
With this value used as the pitch, I will be less than II (b), and 
n (6) will equal IV. A further reduction will make II (6) less 
than the rivet strength IV. Therefore, by equating II (a) or (fc) 
to the rivet strength a minimum pitch may be found, below which 
it will not be wise to go. This can readily be seen from a numer- 
ical comparison. With p = 4.80 ins. the strength of the joint per 
repeating section is 

/. = 80,970 lbs. 

//. (5) =89,21011)8. 
IV. = 89,210 lbs. 

Any less pitch than the alx)ve minimum one will make 

II ib) < IV, 
and the full rivet strength will not be reached, a result not coi 
ent with good design. 

46. General Procedure, — Before dismissing the subject 
pitch calculation, the method of procedure for joints in general 
will be summarized : 



I 



Method of Procedure 



1° Setfcl tyjK of joint. 

2° Write rsBistances to failure: 



Tearing outside tow. 
{a) Tearing instile row and sheariny outer rivet. 
{b) Tearing inside row and crushing oider rivet. 

Skearing all rivets. 

Crushing all rivets. 
(a) (Combination- of ritiel failures by crushirtg 
(&) ( and shearing on inner and outer raws. 
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/ reference to 






3" Find Uinits: 

II («) > / Find min. d. 
II (6) > 7 Find min. h 
4° Select trial rivet diameter and predict failure I 

Table II. 
5" Eliminate excess rivet strengths by inspection and equate re- 
maining one to I fur pitch value. 
6° Determine suiiabilily of pitch from standpoint of calkability, 
efficiency, and factor of safety. 

46. Butt-joints of High Efficiency. — When extra high 
' pressures ure used in boilers of hirgc liiameter the efficiency of 
the longitutiinal seams may be 
considerably increased by the 
of quadruple-riveted butt- 
Fig. 71. It may again 
emphasized that the lai^e 
moss of metal in Buch joints ren- 
ders imperative their removal 
from the region of the fire, while 
the necessarily wide inside cover 
►late forbids their use except in 
tilers of large diameter. The 
ign of such joints follows the 
ineral method outlined for or- 

;iary joints. The resistances to failure are as follows: 
/. Tearing Ike boiler plaie on ab. 
Resistance = {p — d) tf, 
II. The ?iext inner row ce has one- additional hole in it, hence 
its tearing strength coinddenl with the outer rivet failure 
must be included in the resistances. 

(a) Resistance =ip-2d) tf, + "^f. 

(b) Resistance = (p-2d)tf, + dtif, 
III. The next inner row fg has two more holes than those already 

considered. The holding power of the outer rivets has 
increased, howeixr. 




(o) Resistance • 
I Qt) Resistance = 



(p-4d)(/. + 3^/, 
(p-4d)(/, + 3d(,/. 
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The fourth row hi presents no change in tearing strength oth^^ 
than those already considered. The rivets in rows ab and ce slv^ 
under identical conditions as regards plate thickness, hence theL^ 
crushing or shearing may be taken in the aggregate. 

IV. All rivets shear. 

Resistance =19 ("i^)/* 

V. All rivets crush. 

Resistance = 8 dtfc + 3 dtifc 

VI. The two inner rows of rivets may crush and the two outer 
ones shear. 

Resistance = 8 dtfc + 3 (-j-)/* 

To preserve the increased strength along the rivet lines ae the 

center line of the joint is approached, the following inequalities 

must be considered: 

// (a) > /, 

// (b) > /, 

/// (a) > // (a), 

/// (6) > // (a), 

/// (a) > // (6), 

/// (6) > // (6). 

Writing and reducing these inequalities. 



{p-2d)if,+(^-^y.>ip-d)if, 



d>^i (97) 



{p-2d) tft + dhf, >{p-d) tft 



.-. h>^ (98) 

jc 

(p-id) tf, + 3 (^^^y. >{p-2d) tj, + ('^)/. 

.-. d>^' (99) 

"7. 

(p - 4d) //, + 3 dhU >{p-2d) tf, + ^/. 

The latter expression involves the shearing and crushing of the same 
rivet under similar conditions. The only rivet which could do 



(100) 



FIRE SEAMS 131 

s would be one of nxiictfy the iimiting diinneter. Uudcr such 
|eoDdiiious 

and the above equiitioii bfeomes 

'■>!■ 

The inequalities, III (a) > II (6) and III (6) > II (6), yield the 
le limiting values for d and h. Expressions (97), (98), (99) 
id (100) are the same as those under the former joint and 
ford the usual limits for cover plate thiuknes.^ and rivfet diameter, 
certain joints of this ulass with the rivets spaced as in Fig. 62, 
page 107, there are two limiting rivet diameters determined by 
equations (97) and (99) and two limiting cover plate thicknesses 
ioUowing from (98) and (100). The procedure is the same, how- 
Having selected a suitable rivet diameter and cover plate 
ickness in the light of the aliove equations, the resistances rep- 
MGcnting excess rivet strengths may be eliminated by inspection 
and the remaining one equated to the tearing of the plate to find 
iho pitch. The investigation of calkability, efficiency and factor 
of safety is pursued as before. 
47. Fire Seams. — The preceding discussion of riveted joints 
reference to seams so far removed from the fire as to be sub- 
ited only to the heat of the fluid confined witliin the boiler, 
(eat of such a limited degree does not seriously affect the calking 
the joint. When, however, seams are directly exposed to the 
the previous discussion of pitch limits is no longer applicable, 
joint selected for such use is always 
the wngle-riveted lap type. Tliis 
presents a mimmum amount of 
ital to the destructive action of the 
The overlap of the plates should 
as email as is consistent with the nec- 
iiy strength and the arrangement of 
joint should be such that the flames 
not impinge directly against the 

ide lap. Fig. 72 shows the proper arrangement with regard 
the direction of the Samcs. The same size of rivets should 



foil 
nil 




Fi'j. 72. 
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1 



I 



be used in the ring seams as in the longitudinal ones, to avoid 

confusion at the junction of the two. 

However perfect the circulation within the boiler, the outer 

plate in the ring Beam is more or less overheated where the latter 
passes over the fire. There is, therefore, 
!i tendency for the outer plate to e.\pand 
away from the inner one and thereby to 
cause leakage. Fig. 73 shows this tend- 
ency in an exaggerated manner. For 
Fig. 73. this reason the value of {p — d) on fire 

seams must be kept very much lower than on cool seams. The 

following arbitrary limits have been established by long practice 

as safe ones : 

VALUES FOR (p ~ d) IN THE RING SEAMS OF EXTERNALLY- 
FIRED BOILERS. 

Thiekows ol pkui. [n. Vidua df (p ~<1) far hot geams. Ini. 



li 

U 

n 



Inasmuch a 



a there is always some excess circumference of plate in 
the outer course, ring seams should not be riveted up pitch after 
pitch in one direction. Four or six rivets should be driven at the 
start, equally spaced around the sram, in order to distribute any 
slack plate as uniformly as possible. For ease alao in laying out 
the ring seam, the numt>er of spaces should Iks a multiple of four 
or six. if pos-'iblc. 

48. Lap Calculation. — While the margin of plate I, Fig, 74, 
from edge to center of rivet hole w often arbitrarily assumed to 
be one and one-half times the driven rivet diam- 
eter, its value is nevertheless a very important 
factor in the success of a riveted joint. As was 
briefly pointed out early in the discussion of riv- 
eted joints, Art. 29, page 93, the function of the 
lap is twofold. Its office in pressure work is, first, 
to provide a stiff piece of plate which, when in- lap calculation 
itially sprung back by calking, will react against ^'*'* ^*' 

the other plate of the joint with sufficient intensity to prevent 
the escape of the fiuid. The second object of the lap is to throw 
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across in front of the rivets a piece of plate of width sufficient to 
bring tlie full rivet strength into play. 

The second criterion, that of strength, is the one beat fitted for 

consideration in lap tiesign. To find the load actually imposed 

upon the lap, taking into account all the peculiarities of various 

joints, would only yield a vast amount of unwarranted complica- 

I tion. Hence, in genoral, each rivet and the lap ahead of it, will be 

isolated from the rest of the joint. The lap must be strong enough 

to resist the greatest load the rivet can impose upon it. In this 

work the metal ahead of the rivet, shown section-lined in Fig. 74, 

will be considered to constitute a beam of length d and height h. 

Ota the continuity of the plate the lap-beam will be assumed to 

fixed in direction at its ends. The distribution of the rivet load 

Br the plate ahead of it is. a matter of some conjecture and the 

are very complex. It has been found by experiment to 

Teld good practical results if the rivet load is taken as concentrated 

A the center of the lap-beam. The bending moment at the center 

if a beam so loaded is 

he letters having the usual significance. The load which the rivet 

ui impose upon the lap-beam will depend upon the manner of 

tvet failure. Three cases may be considered: 

/. Sheanng the rivet once, 

I J "^^ r 
Load = -r-ft 

II. Shearing the rivet in double shear, 

Load = -s"/, 

///. Crushing the rivet or plate, 

Load = dtJ, 

^ese three constitute all possible rivet loads. 

The peculiar features of two joints may also be considered as 
having a bearing upon the lap calculation. In double-covered 
butt-joints each cover plate holds approximately half the boiler 
plate tension, Fig. 46, page 96. The rivet then constitutes a 
I supported at the ends by the covers and loaded at the 
nter by the boiler plate. The inner cover may be of the extended 
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type, in which ease its increased width will take care of the above 
rivet load. The narrow outer cover will be liable to lap failure 
uuleaa calculated to withstand the reaction at the outer end of the 
rivet. In case the rivet ia small enough to fail by double shearing, 
the outer cover plate lap will l>e loaded with the shearing of one 
rivet section and the case reverts to I, considered above. With 
lai^e rivets the failure may result in crushing. Each cover plate 
will then receive as a maximum load one-half the rivet's crushing 
strength or, 

IV. Half-crushing, 

When the pitch in the single-riveted lap joints, Fig, 65, page 1 10, 
is arbitrarily diminished for reasons previously described under 
fire scams, the rivets are excessively strong, and, before the full 
rivet strength is reached, such a joint would have nipturetl by 
tearing. It is, therefore, unnecessary to make the lap strong 
enough to hold the full rivet strength. If the lap will hold the 
diminished tearing strength of the plate, it will he as good aa the 
rest of the joint. Under such conditions the load becomes 
V. Tearing between rivets, 

Load = Ip- d) If, 
To simplify the work of lap calculation the above five loads will 
be substituted m the usual beam formula and the resulting equa- 
f.t«j tions reduced to a simple 

form. The formula, 



y 

when applied to a beam 
of rectangular section 
with the dimensions given 
in Fig. 75, becomes 
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M=/~ 



The maximum bending moment for a beam fixed in direction at 
the ends and loaded with a concentrated load at the center is, for 
this case, ^ jLoad) (d) 
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For a ductile material like boiler plate it may be safely assumed 
that the modulus of rupture is approximately equal to the tensile 
strength, or / = 55,000 lbs. per square inch. Then 

(Load) (d) ^ ih^ 
8 -^ ' 6 

or A = y J 77 (Load) 



y -{Load), 



= 0:00369 

The load expressions in the five cases cited above may next be 
substituted. Inserting at the same time the value of t, the usual 
values of /, and fe and remembering that the lap is measured to 
the center of the rivet, the expressions become 

/. Single shearing. 

Lap = ^ + 0.00369 y/j (^V. 
For steel rivets, 

Lap = ^ + 0.694y| (101) 

//. Double shearing, 

Lap = ^ + 0.00369 vf(^/. 
For steel rivets, 

Lap = ^ + 0.982 y/y (102) 

///. Cmshing, 

Lap=^ + 0.00369 \/j (dtfc) 

= 1.645 d (103) 

This is independent of the plate thickness, hence with a given 
crushing rivet the lap is the same for all thicknesses of plate. 

IV. Half -crushing. 



Lap = ^ + 0.00369 \/j(f) 



If the cover plate thickness is the same as that of the boiler plate 
this expression becomes 

Lap= 1.309d (104) 
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an expression like equation (103) independent of the plate thicknees. 
When the tliickness uf the cover, (, , ia different from that of the lx>iler 
plate, as is oaually the case, the almve general expression becomes 



Lap - 



V. Teariiiy. 



'•'^ + 0.00369 \Jj (p - d) If, 



\ -f 0.866 \ 



(106) 



This is again independent of the plate thickness, hence for a given 
pitch and rivet the lap is the same for all tbiclaiesses of plate pro- 
vided a reduced pitch is used. 

In all cases, the lap must exceed the rivet diameter by a jeason- 
able amount in order to provide a good bearing for the rivet 
heads. The latter approach 2 d in diameter as was shown under 
rivet proportions. 

In order to render formulae (101) to (lOG) inclusive as useful as 
possible in practice, the following plots and tabulations have been 
calculated for the usual range of rivet diameters and plat« thick- 
nesses. The results of formula (101), (102) and (103), for single 
and double shearing and crushing are contained in Tables III and 
IV, Whenever the rivet is large enough to fail by crushii^ 
rather than shearing, the fact is indicated by the style of type 
as explained under the column headed "Remarks." Aftei" hav- 
ing selected a lap value for a given case, it should generally be 
expressed to the next integral sixteenth of an inch above the 
decimal values given in the tables. 

The application of formula! (104) and (105) for half crushing 
laps is represented by the plot of Fig. 76. For absci.ssje the varj'- 
ing ratios of the main plate thickness to that of the cover plate 
are plotted while the ordinates comprise the corresponding lap 
values. For equal main and cover plate thicknesses it is evident 
that the lap equals 1.309 d in each case as given in formula (104). 
The plotted lines are continued to the left until the indicated lap 
value is but \ in. greater than the half rivet head. Laps lesa 
than these do not find practical use. 
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Fonnula (106) for tearing laps is illustrated by the plot of Fig. 
77. It must be borne in mind that this ease is applicable to 
reduced pitches only. As soon as the pitch attains its nonnal 
xittue, the lap calculation reverts to Case I or III. The lines 
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VALUES OF -f 

CALCULATED VALUE 

OF 

tIALF CRUSHING LAPS 

Via. 70. 

utted in Fig. 77 are applicable, therefore, through a ven 
nge only. At their left ends they indicate minimum 1 
ose d + J in, in amount. The lines are continued to ih 

til the corresponding lap values pass over to those of 

III. 


short 
aps or 
'. right 
Case I 
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Distance between Rows of Rivets. — The transverse 

lions of a riveted joint are deterruined from the calculated 

uos explained above and the space between staggered rowa, 

jDtl with the necessities of the riveting machine. The 

-riveted butt-joint shown in 

I in Fig. 78 contains three cal- 

bd laps, namely: at outside and 

cover plates and main plate. 

width of the joint is, therefore, 

rmined as soon as the possible 

imity of the outermost rivets to 

outer cover plate is known. In 

78 the die of the riveter is shown 

le position of driving the outer 

Often S is made twice the lap. A safe rule in genera! is 
>w for rivet heails twice the driven diameter of the rivet and 
I ^ in. between the rivet head and lap edge. Then 
S = Lap + ^g in. + Rivet diameter. 
there are two inner rows of rivets in staggered order the 
ice between them is determined as explained in Fig. 52, 
101. If the horizontal pitch is greater than 4 ins. the full 
cent excess on slope lines need not be secured. 




rtiDTn or OUTT JOINTS 

Fig. 78. 



I 

I 




In welt joints, Fig. 79, the distance between rows depends upon 
te welting or bending of the cover plate in addition to the above 
ictors. The horizontal distance x necessary to get down from 
le level of plate to the other is taken as twice the plate thickne^ 
irer which the bend is made. 

Then G = Lap + 2 i + Rivet diameter, 

id as before 

S = Lap + t\ in, + Rivet diameter. 



)^ 
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For symmetry S is generally made etjual to G, the latter beini 
the larger. In addition to the above requirements, the possibHit-: 
of calking the lap edgea must always be kept in view. If tin.' 
outer nvets in Figs. 78 and 79 are placed as closely as possible ^ 
the lap, it is sometimes impossible to hold the calking tool at t^b 
correct angle. Room must be provided for holding the latter 
about 30° with the plate below. 

60. Insertion of Joints. — Having computed the pitch a.a 
laps, and determined the transverse dimensions of the joiut, 
remains to space the pitch properly between ring seams, t 
account of the reduced strength and ductility of boiler plute wl» 
submitted to tension at right angles to the direction of rolliK." 
pressure vessels are seldom made up with the hoop tension cro-a 
wise of the fibre. Most boilers and tanks contain three or mcr 
cylindrical courses, placed insiile and outside in alternation. T~" 
width of each course is determined by the exigencies of the scttiir' 
the width of plate readily procurable and the reach of the riveti. - 
machine. It is well in multi-course vessels to have two or mc^ 
of the joints in duplicate for ease in laying out. No attempt 
made to keep the pitch in integral sixteenths of an inch. Wi* 
the distance between ring seams expressed in binary fractions, ib* 
pitch is spaced to fit. Small changes of 2 or 3 per cent in tbfi 
pitch are permitted without considering that the former calcu- 
lations have been affected. All the other dimensions of riveted 
work, aside from the pitch, should be expressed in binary fractions 
not smaller than one-si xt-eenth inch. 

The same size of rivets should be used in both ring and longi- 
tudinal scams in order to make as little disturbance as possible 
where they cross one another. Longitu<tinal joints are never 
plai:ed in line and thus the confusion of multiple plate thicknesses 
and complex rivet arrangements is avoided. Wliatcver the irreg- 
ularities necessarily introduced where the ring and longitudinal 
aeams cross, the safe calking pitch must never be exceeded and the 
joint efficiency must not be unduly lowered. 

While very few longituihnal butt-joints have given way to abso- 
lute failure, local deterioration and distortion have often taken 
place due to careless rivet arrangement at the ring seam juncture. 
Great care must be exercised, therefore, to avoid an undue expanse 
of unstayed plate as well as a' loweretl efficiency when seeking the 
necessary room for driving rivets m this region. 
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When a angle-riveted ring seam crosses a longitudinal joint if 
pos^ble a point should be selected for the juncture so as to leave 
the outside or lot^ pitch undivided. The outer row is already 
the weakest place in the joint and if more rivet holes are placed 
m that line, the efficiency falls rapidly. For instance, the efiB- 
ciency of a triple-riveted butt-joint using rivets one inch in diam- 
eter is reduced from 89 to 78 per cent by the introduction of one 
more rivet hole on the outside row. The outside pitch should, 
therefore, be left whole or nearly so, where the lon^tudinal and 
transverse joints meet. 

In chain-riveted seams, the position of the last rivet in the joint 
next to the ring seam must always be such as to secure room for 




SEAM JUNCTURES 

Fig. 80. 

the die of the riveter to act, Fig. 80. If the natural pitch of the 
longitudinal joint is such that 

p% = Rivet diam. ■+■ fV in. + Ring seam lap, 

ttien pi may be kept equal to pi, and there is no need of changing 
tile ordinary pitch of the joint. When ps, however, is naturally 
too small, the last pitch of each joint must arbitrarily be made 
greater to accommodate the driving of the rivet immediately ad- 
jacent to the ring seam. 

The crossing of the lengthwise joint by the crosswise one is 
generally accompanied with some difficulty when the former con- 
tains rivets in staggered order. With usual rivet sizes and thick- 
nesses of plate it is not possible to cross a staggered row without 
the omission of at least one of its rivets. 

In Fig. 81 there is not generally enough room to drive the last 
livet on the rear row because of its proximity to the ring seam 
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lap. Hence this rivet must be omitted. To compensate for its 
loss, the la.st pitch p^ is shortened to about 0.8 its original amount. 
This lowers the efficiency to a sliglit degree. The rivet thus 
dropped niuat not be one upon the calked edge, since the pitch 
on that line is supposedly as large as it can be without leakage. 



I MUST BE OMITTEDv,M / 




CROSSING STAGGERED ROWS 

Fk;. si. 

The ends of the outside trover plates of inner courses, wbrai of 

moderate thickness, are thinned to a sharp edge and tucked under 

the lap of the next outer course. The sides of such cover plates 

rare also thinned near the ends so as to facihtate tight calking. 

K^he ends of inside cover plates are usually cut off just short 

f of the ring seam. In very staunch work they may extend into 

the ring seam and participate in the 

riveting. 

With very thick plates it is so dif- 
ficult to tuck covers umJer successive 
courses that the method shown in Fig. 
82 has been employed by the Inter- 
, ,. - , - , , ■ national Engineering Co. of South 
rj .^-^ — -*—--!— 1 Framingham, Mass., in heavy boilers. 

[• ' ~~-4- -i '^^^ pitch along the calked edge of 

the staggered row is kept uniform. 

Instead of dropping an inner rivet, it ts 

displaced a little to the right in order to 

provide room for the soft steel pipe plug e. Then the cover is 

rounded at h and cut short as shown. This method permits easy 
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king of the riiig seam, pipe plug and cover plate. With large 

tcbt3S and thick plates it is a satisfactory method. 

The following riveted-joint illustrationa, Figs. 83 to 08 incluaive, 

show the practical arrangement of rivets at junctures for a variety 

of seams. The general conventions adopted in the cuts are as 

foilowa: 

A shows the joint end of an inside course underlapping the 
next one to the left. 

B indicates the joint end of an external course overlapping the 
next one to the right. 

C is a section on the ring seam Af iV at the right, showing the 
thinning necessary to insure a smooth surface for the next 
inner course to rest against. 

d is the driven rivet diameter, 

£ is a section of the run of joint. 

F shows the manner in which a joint is made up where its 
fnd occurs at an uptake or similar opening. The overlap- 
ping plate is calked on the outside to the extreme edge Q 
and on the underside back to the tube sheet lap. 

is a section on the ring seam XY at the left, showing the 
thinning necessary to insure a smooth surface for the next 
outer course to rest against. 

HK is the horizontal line on which the section of the tube sheet 
and joint is taken. 

Mft is the vertical hne on which the ring seam section at the 
right is taken. 

p is the ordinary pitch of the rivets. 

pi is the divided pitch iu joints where the outside and inside 
spacing is not the same. 

pt is the end pitch, which may be enlarged or reduced, de- 
pending upon the type of joint. 

Q is the point to which the joint is calked for tightness in an 
endwise direction. In lap joints the plate edges are calked. 
In butt-joints a chip or wedge is driven between the abutting 
plates, Sometimes point Q comes well up in the uptake 
opening and again at the extreme corner of it. 

XY is the vertical line on which the ring seam section at 
the left is taken. 
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Fig. 83. Provided the ordinary pitch p gives sufficienn 
to drive the rivet next to the ring seam, p^ is made equi 
and the pitch is merely spaced between ring seams, 
nratt to the tube sheet flange is gouged slightly to permit i 
bting. 

Fig. 84. The last pitch p- is shortened to about 0.8 
original value to compensate for the rivet dropped on thej 
row. The ordinary pitch p is then spaced in regular oriier. 

Fig. 85. The rivet rows are placed at a suitable distauot 
one another to give the usual diagonal pitch. A rivet i 
middle row is dropped at the ring seam and p, cons 
shortened to 0.8 p. 

Fig. 86. If the ordinary pitch p is sufficiently large to acofl 
date the ring scam lap, the spacing is uniform from one r 
to the other. If not, p: is made greater than p by the r 
amount. 

Fig. 87. After having subtracted twice the value of ) 
the seam length, the pitch p is spaced in uniformly. 

Fig. 88. The transverse distance between rows of i 
made sufficient to insure failure along longitudinal lines as 2 
in Fig. 52, page 101. The outer pitch p is divided into two ilfl 
pitches pi- After having subtracted twice the value of pt (r^ 
the se-um lengtii, the inside pitch pi is spaced in uniformly ao tim 
the total number of such pitches will be some such number as M 
or 19, a multiple of two, plus one. fl 

Fig. SO. Ill joints using a fraction of the outer pitch on ul 
inner row, it is best to space the divided pitch. If pi will ffm 
room for the ring seam lap, the small pitch should be spac^ Ul^ 
formly from end to end of the joint. The seam should contafi 
an even number of small pitches. 1 

Fig. 90. The alternative arrangc-ment of the siitgle-rivetfl 
welt-plat-e joint calls for a grouping of three small jiitrhes wiu 
two large pitches. Therefore, if pi will permit the driving of t^ 
rivet next to the ring seam, the small pitch should be spaced ut^ 
formly throughout the joint. The total number of small pitchoi 
should then be a multiple of three. On the other hand, if the lad 
space must be made larger than p\, twice ps should be aubtractfli 
from the distance lietween ring seaTiis and the remaining distand 
divided into small pitches the total number of which shall be BOdi 
such number as 22 or 25, a multiple of three, plus one. ^ 
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BL The staggered riveting in this joint calls for the usual 
pitches at the ends. The total number of inside pitches 
must be a multiple of two, in order Jo avoid unwarranted rivet 
holos on the outer row. 

Fig. 92. After having determined pt and subtracted twice ita 
value from the se^m length, the inside pitch pi should be arranged 
in groups of three, plus one. The outer pitches will then be sym- 
metrically arranged throughout the joiut. 

Fig. 93, Provided the end pitches will- give room for driving 
the rivets adjacent to the ring seam, the small pitch pi should be 
spaced in groups of two throughout th<i scam. 

F^s- 94. If pi b large enough to secure room for the end rivet- 

I ing, the joint may bo uniforiniy spaced throughout, in multiples 

I of three small pitches. If pj has to be made arbitrarily larger than 

I pi, the total uumber of inside pitches will be a multiple of three, 

plus one. 

Fig. 95. With twice the values of ps subtracted from the joint 

length, the small pitch pi should be uniformly spaced throughout 

II multiples of two. 

Fig. 96. To insure symmetry the seam length, lessened.by twice 

Lthe end spaces pt. should contain a total number of pitches pi 

I consisting of a multiple of three, plus one. 

Fig, 97. In (juadruplc-riveted butt-joints there are various 
' possible methods of insertion. If the large pitch is to be kept 
intact and approximately the full efficiency secured at the ends of 
the joint, the total number of small pitches pt , after having deducted 
p,, should be a multiple of four, plus two. If this is especially 
difficult to obtain, the grouping may be simply in twos, there being, 
consequently, a small theoretical loss in efficiency. 

Fig. 98. The end apaeiogs p, having been deducted from the 

joint length, the small pitch should be arranged to comprise a 

I number consisting of a multiple of three, plus one. If this appears 

I to be im|x>ssible, the joint can be suitably arranged, there being a 

llBUght loss in efficiency, vfiih inside pitches simply in groups of 

iiree. 

Scaae designers object to the location of rivets in outer rows 
ircumferentially opposite those upon inner rows, claiming that 
iiB holding power of rivets so placed is impaired. While it is 
koubtful whether or not there is any basis for such a belief, joints 
lay be inserted without rivets opposite one another, provided 
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fractional pitches are used at the ends. The principles eicpkined 
above are fully applicable to rivet arrangeitienta of this character. 
51. Patches. — There are two classes of patclies, namely, 
hard and soft, applied to pressure vessels to atop local deteriora- 
tion. WTien cracks or bulged plates appear, the metal affected 
must be entirely removed before the patch can be applied. The 
hard patch consists of a piece of steel plate, accurately shaped, and 
permanently riveted to place. Soft patches are often applied 
temporarily or in case of emergency and are not supposed to con- 
stitute a permanent repair. The 
metal used for the latter is gener- 
ally soft wrought iron which can be 
shaped to fit the required place by- 
hammering cold. Soft patches are 
usually set in boilermaker's putty or 
with lead gaskets to prevent leakage 
and are secured in place by threaded 
patch bolts. Fig. 99 shows a typical 
patch bolt. Table V gives their usu&l 
proportions. They are introduced from the side toward the 
fire and when screwed home securely the protrusion, by which 
they are driven, is chipped off. 




PATCH BOLT 
Fig. 99. 



TABLE V. 
PROPORTIONS OF BOILER PATCH BOLTS. 

12 threaila per hieh. 



DIUD. D. 


Uaual lanilhi. L, 


■ 


'M 



When the form of the patch is very complex, the follow 
method may often be used to gain an accurate idea of its shape. 
A hole, drilled in the center of the locality wliich the patch is to 
cover, will permit the introduction of a quantity of plastic plaster 
of Paris. After compacting this against the injured plate and allow- 
ing it to set, the cast thus obtained may be smoothed up and used 



WATER LEG JOINTS 

as a pattern in the foundry. The anvil formed in this manner 
may be used for guidance in shaping the patch so as to secure a 
good fit. 
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WATER LEG JOINTS 

62. Water Leg Joints, — The spacing of stay bolts in the 
i water legs of locomotive and vertical boilers often introduces 
I conuderablc complexity when riveted joints must l>e accommo- 
I dated in these members as well. Since the circulation space is very 

luable in this region, inside cover plates are generally omitted 
L the joints shown in Figs. 100 and 101 are used instead. 
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These joints consist essentially of special double-riveted lap joints 
in duplicate, and were it not for tlie holding power of th« stay 
bolts, considerable distortion would probably result. In the 
actual case, however, the water charmcl is held rigidly to shape by 
the stays and no trouble is expcriencwi in this direction. Two 
methods are shown of making up the joint without disturbance 
to the stay Ijolt sjmcing. Since, due to the rigidity of the staying, 
the hoop tension in the outer furnace sheet does not approach 
the expected theoretical amount, the low efficiency of the joint is 
not critical. The procedure in designing such joints is at best 
empirical. 

When the natural spacing of the stay bolt will permit, the 
arrangement shown in Fig. 101 should be adopted. The rivets 
in these joints should be the same in diameter as those used in the 
other longitudinal seams. The outside cover plate may be made 
somewhat thinner than the external furnace sheet to pro\'ide 
flexibility, but care should Ire taken that the longitudinal pitch of 
the rivets is well within the safe calking limit. The laps and dis- 
tance between rivet r<jws should be calculated in the usual manner. 

When the width of cover plate determined above is so great as 
to interfere with the placing and Iteailing of the stay bolts, the 
method shown in Fig. 100 must be followed. 

In either form, the laps should be at least equal to those required 
Ijy the rivet size; the calkhig pitch should never exceed the safe 
amounts given in Table XXIII, and the diagonal pitch should be 
dutennined by the principles set down in the previous discussion 
of that suljject. Further than this, these joints do not lend them- 
selves to exact calculation. (Ireat care must be tak«i' whenever 
such joints run beyond the stay-boltetl area, to ehai^e them at 
once to typical buttr-joints with both inside and outside cover 
plates. Without the assistance of the stay bolts, these joints 
would not be strong enough to hold the hoop tension of a cylindrical 
shell even untler low pressures. 

63. Experimental Results. — The question is often usked as 
to how no;ir the foregoing theory of riveted-joint design stands to 
the results of actual tests. Whih experiments upon riveted joints 
are generally unsatisfaetory because of the absence of heat and 
corrosion, nevertheless many such tests have been made, and the 
results afford an interesting comparison with theoretietti calcu- 
lations. In 1887 an elaborate series of tests was carried out at 
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the U. S. Arsenal, Watertown, Mass., upon joints supplied by the 
Bureau of Steam Engineering of the U. S. Navy. The joint speci- 
mens were all of the butt-type with double cover plates. Some 
of the joints used cover plates of equal width and others of the 
extended type. All the joints were tested to destruction, minute 
observations being made upon the behavior of the rivets and plate. 
The eflBciency was calculated by dividing the maximum load at 
which the joint failed by the tensile strength of the solid plate as 
determined from previous experiments. To make this quantity 
entirely comparable with theoretical efficiencies, a repeating 
section of the joint should have been used in the experiments. 
This was not done owing to the difficulty of driving rivets along 
the edge. Hence the practical results do not express the exact 
efficiency as heretofore defined. The joints were so wide, however, 
that the small margin outside of the repeating section probably 
had an inconsiderable effect upon the efficiency. The results of 
all the tests in this series are compared with the theoretical effi- 
ciencies in Table VL While not of vital importance the comparison 

TABLE VL 

EXPERIMENTAL EFFICIENCY OF RIVETED JOINTS. 

Test^ at the U. S. Arsenal, Watertown, Mass. 



No. of last. 


Tyjte of joint. 


Kxperiiiiental effi- 
ciency. Per cent. 


r:ilculate<l effi- 
ciency. Percent. 


910 


Double-riveted butt 


79.8) 




911 


Double-riveted butt 


70. 2 > 


74.0 


912 


DoubU>rivete<l butt 


79.5) 




913 


Triple-riveted butt 


SO. 9) 
75 2 [ 
82 5) 


1 


914 


Triple-riveted butt 


78.1 


915 


Triple-riveted butt 




916 


Double-riveted butt 


68. 7) 


■ 


917 


Double-riveted butt 


70.7 > 


i 71.7 


918 


Double-riveted butt 


GO. 9) 


1 


919 


Triple-riveted butt 


74.1 ) 




920 


Triple-riveted butt 


75.0 > 


76.7 


921 


Triple-riveted butt 


74.1) 


t 


922 


Quadrupk^-riveted butt 


79.7) 




923 


Quad ruple-ri vet eri butt 


81. 5 > 


76.2 


924 


Quadruplc?-ri voted butt 


78 4) 


. 


925 


Quadrui)le-riveted butt 


79.7) 




926 


Quadruf>l(?-riveted butt 


84.8 > 


82.6 


927 


Quadruplf^-rivfted butt 


8.').S) 




928 


Quadruple-riveted butt 


S() 0) 




929 


Quadruple-riveted but t 


77. .s[ 


91.3 


930 


Quadrupkvrivetcd butt 


77.7 ) 


1 
t 


931 


Triple-riveted butt 


81.2) 


1 

1 


932 


Triple-riveted butt 


805[ 


78 1 


933 


Triplc^riveted butt 


SO 1) 
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is interesting. In some of the joints, especially Nos. 928, 929 sod 
930, the rivet rows were placed so close together that at rupture 
the tearing of the plate occurred along diagonal lines much len 
in length than that of the usual longitudinal ones. Hence the 
efficiency was low. 

54. Riveting around Circular Openings. — Figs. 102 and 103 
show respecti\Tly single- and double-riveted seams around man- 
hole openings. Such seams are either elliptical or of an approxi- 
mately elliptical shape made up of semi-circular arcs and flat 
sides. If of true elliptical shape they are laid out by template 
on the flat plate before rolling. If of approximate form they are 
struck on the flat plate with compasses and straigiit edge. 







Vm. 102. 



The positions of the rivets on these openings are always such as 
insure a syraraetrical arrangement, thus making the number even. 
Op<'nings of this shape arc correctly placeil with their long dimen- 
sion in a circumferential direction with regard to the boiler, thus 
removing as little plate in a longitudinal direction aa possible. 
The end tension in a cylinder is never more than one-half the hoop 
tension, hence this is a proper arrangement of an elliptical opening. 
It ia always best to investigate any special feature of this kind 
as to the actual factor of safety. The joint, Fig. 102, close to its 
central portion ce, is in the most critical condition and at thia 
pomt would probably have a low factor of safety. It is twlieved 
that in such joints, a length A about J S for single-riveted iii^8 
of ordinary size (not over 16 ins. opcnir^) may lie taken and the 
assumption made that the stiffness of the plate will cause the 
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more favorably situated spaces b and r to aid the weaker apaces c 
and e. The limiting lines mm for the sections considered should 
be so located as to pass through either the center of a rivet or the 
center of a space, and at the same time leave the distance A approx- 
imately as shown. This secures a portion of the joint similar to 
the repeating section chosen in other joints. Inasmueh as the 
tearing of the plate is here confined to chordal lines between 
rivets, while the hoop tension varies with the length of the ele- 
ment of the cylinder, these joints are more efficient than straight 
joints of the same pitch, especially when a width of four or more 
pitches is considered. Since the calculated pitch can rarely be 
made to fit the desired pitch line without change, it is necessary 
to calculate all the possible resistances to failure of both plate 
and rivets. 

I Proceeding as in the general case of riveted joints: 
/. Tearing. 
Resistance = {b + c + e + r)lf, . . . (107) 
//. Shearing. 
Resistance = if—)/. (108) 
///. Crushing. 
ResinUincf = idtf, (109) 
With P the working pressure and R the radius of the cylindrical 
IV. Hoop teTisimfm- length A = PRA (110) 
n , r f r . Least Resistance ,, , ,, 

Factor of Safely = „„^ ^,^^ ■ ■ ■ ■ (UI) 

Fitr the double-riveted ring. Fig. 103, the pitch on the inner or 

calked row should be unifonn to insure tightness. This may be 

secureti by laying out one pitch of the theoretical amount as shown, 

on the circle half-way between the rivet circles. A radial line, 

tlrawn to the center of the semi-circular pitch lines, indicates 

g raphically the desired size of the pitch on the inner and outer 

^^nws. If calking takes place on the inner circle, the inner pitch 

^^Bould be spaced evenly and the outer rivets located radially 

^^^Bposite the centers of the iimer spaces. Should calking occur 

^^Bl the outer edge, the outer spaces are made uniform, thus always 

^^■ftving the pitch uniform on the calked edge. 
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The reaistaDces to failure are then: 
/. Tearing. 

Kc»istoTM»= (J+g + h + l)lft . . . (112) 
//. Shearing. 



'(?)^' 



^,)/. (113) 

///. Cruskijtg. 

Resistance = 7d(f, (114) 

As before 

IV. Hoop tension for length A = PR A (115) 

, J „ , , c. ^ , Least Resistajtce „ . ,, 

AQd Fack^«f&,fay. g^ y,,^ ■ ■ . . (116) 

_ _ 8,- 

'17 



'0K\lyM 




U 

SPECIAL MANHOLE 5EAM 

A> flAPPROX. 

Fig. 104. 

Fig. 104 shows the elliptical manhole eeam recommended hy 
the Massachusetts Boiler Rules. Alternate rivetaare omitt«dio 
the outer row. Proceeding as before, the resistances to failure 
are: 

7. Tearing along outer ram. 

Resistance =(j + k)tf, (llT) 

//. Tearing along inner row atid shearing rivets. 

Resistance = {o + p + q + l + u)tf, + 2(^\f. (H* 

III. Tearing along inner row and crushing rivets. 

Resistance =io + p + q + l + u)tf, + 2 dtf.. . (H^^ 
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IV. Shearing all rivets. 

Resistance = 7 {^f. (120) 

V. Crushing all rivets. 

Resistance = 7 cft/c (121) 

VI. Hoop tension far length A = PR A (122) 

mi p 4 r o r I Least Resistance ,.^^v 

Then Factor of Safety = —^ ^ -; — . . . . (123) 

An application of the above method to the scam of the manhole 
in the Horizontal Return Tubular Boiler of Chap. V results in 
a factor of safety of 5.40. Such curved seams partake, to a cer- 
tain degree, of the characteristics of helical seams and as such are 
probably stronger than the above approximate investigation would 
indicate. 

55. Tabulations. — In order to facilitate the use of the fore- 
going theory of riveted joints in practical work, the following 
tables of maximum pitches and efficiencies and maximum calking 
distances have been appended. 

Tables VII to XXII inclusive give the maximum pitch to be 
used in a wide variety of joints with the several rivet diameters 
and thicknesses of plate. Just below the pitch value in each 
case is specified the corresponding joint efficiency. These are to 
be regarded as the maximum values consistent with well designed 
joints. When reduced values are arbitrarily used for the pitch, 
the efficiency is correspondingly lowered. The spaces left blank 
in the pitch tables indicate in certain cases that rivet heads 2 d 
in diameter will come less than \ in. apart, either in straight or 
diagonal lines, and hence cannot be driven. In other cases the 
omission of the pitch value signifies that the rivet in the table is 
less than the minimum allowable size for the plate in question, 
and hence could not be used in a properly designed joint. The 
manner of failure in each pitch calculation is indicated by the 
style of figures in which the results are printed. An explanation 
of the significance of the styles of figures is placed under the col- 
unm headed "Remarks" in each table. The inside cover plate 
thickness given is that recommended by the Massachusetts Boiler 
Rules. 

Table XXIII of calking pitches indicates the maximum values 
consistent with tightness at a variety of working pressures. The 
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thickness of plate specified is always that of the one which is 
calked, in general the outside cover plate. 

In order to secure a fair distribution of stress throughout the 
joint the thicknesses of the butt-straps or cover plates must be 
sensibly equal. To prevent tearing of the covers along the center 
line of the joint the thickness of each must exceed by a reasonable 
margin half that of the main plate. In the case of the outer cover 
this margin is added to enhance its stiffness and enable it the more 
effectively to resist leakage of the confined fluid. When fulfilling 
the above conditions the outside cover plate does not enter into 
the pitch calculation. Hence if necessary its thickness may be 
increased to meet the necessities of a given problem. 

The function of the inside cover, aside from its office as a po^ 
tion of a riveted fastening, is to protect the main plate from co^ 
rosion. It must therefore have a thickness far in excess of the 
theoretical requirements discussed in Art. 42, page 124. In butt 
and welt joints with extended inside cover plates, so long as the 
outer rows of rivets fail by shearing, the thickness of the inside 
cover does not affect the pitch calculation and may consequently 
be made greater than the amount given in the tables if the 
expected corrosion warrants it. With crushing rivets however the 
pitch value is dependent upon the bearing power of the inside 
cover. Hence in the latter case the stipulated thickness alone 
should be used. 
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CHAPTER IV. 



GENERAL PROPORTIONS. 

66. Water Consumption. — The standard requirements for 
boiler rating call for the evaporation of 34.5 Iba, of water from and 
at 212" F. per horse-power per hour. The total rated water 
consumption of a boiler of any desired horse-power may thus be 
found by direct multiplication. Very often it is desired to design 
a boiler to replace an old one of known evaporative capacity when 
Working under peculiar conditions. It then becomes necessary 
to retiuee the performance of the latter to the terms of the standard 
rating before the above figures can be applied. 

The heat necessary to evaporate one pound of water into steam 
depends upon the temperature of the incoming fee<l water, the 
steam pressure to be maintained and the percentage of moisture 
in the steam. An actual example will best serve to illustrate the 
method of calculation. Let it be assumed that an old boiler b 
t<o be replaced, the boiler room data showing that, under average 
conditions. 3500 lbs. of feed water at 150° F. are evaporated per 
hour into steam at 135 lbs. per sq. in. gage pressure with 2 per cent 
of moisture or priming. 

The temperature corresponding to an absolute pressure of 149.7 
lbs. per sq. iti. is 358.3" F. By reference to the heats of the liquid 
&t the temperatures of the steam and feed water, it is evident that 

1329.9- 118.0 = 2n.9B.T.U. 
necessary to raise each pound of feed water to the temperature 
of the steam. To vaporize 98 per cent of the feed water at 358.3° F. 
lequires the expenditure of 

0.98 X 863.2 = 845.9 B.T.U. 

The total amount of heat required therefore per pound of water 
evaporated is 

211.9 -I- 845.9 = 1057.8 B.T.U. 
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In comparison with this it should be noted that the evaporation 
of one pound of water under the standard conditions of boiler 
rating, namely from feed water at 212° F. to dry steam at the same 
temperature, calls for the expenditure of 969.7 B.T.U. Therefore, 
one boiler horae-power under the conditions of the problem is 
equivalent to the evaporation of 



969.7 



X 34.5 = 31.61 lbs. of water per hr. 



The horse-power of the boiler to be replaced is, therefore, 



*V)J 



31.61 

and the design of the new one should proceed with this figure "" 
a basis. 

In order to facilitate the calculation of standard ratings unt^^ " 
a wide variety of conditions, the following table is inserted, Wh^' -^ 
the total approximate consumption of feed water per hour 
known, the horse-power of the boiler may be found by dividing 1;^ 
the equivalent evaporation as expressed in Table XXIV under tfc^ 
actual operating conditions. Conversely the expected actual wat^^" ^^ 
consumption of a boiler of given horse-power may be found b;^^^^! 
multiplying by the tabular quantity corresponding to the condii'--*^ 
tions of feed temperature and steam pressure. 

67. Coal Consumption. — While the designer is rarely ex-"—., 
pected to specify the exact type of fuel for which the Ixiiler shalfc- ^ 
be used, it is necessary for him to have a definite idea of the^^^ 
essential characteristics of fuels in general. The number of 
pounds of water evaporated per pound of combustible varies 
widely with the kind of fuel, the rate of combustion and the type 
of boiler. With uniform draft conditions the character of the 
fuel influence* most the main features of the design. The kinds 
of fuel most generally used at present for purposes of steam 
generation are as follows: 

(a) Coal (d) Natural Gas 

(6) Coke (e) Wood 

(c) Crude Oil (/) Wast* Products 

Coal is classed in the United States according to the amount Q 
volatile matter which it contains, in the following manner: 
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ACTUAL EVAPORATION. ^M 
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CLASSIFICATION OF COAL 

in regard to 

VOLATILE IftATTER. 

U. S. GeoL Stinrey. 

Anthracite: When volatile matter is not more than 7} per 
cent of the total combustible. 

Semi-Anthracite: When volatile matter is from 7i to 12J per 
cent of the total combustible. 

Semi-Bituminous: When volatile matter is from 12§ to 25 per 
cent of the total combustible. 

Bituminous: When volatile matter is from 25 to 50 per cent oM 
the total combustible. 

Lignite: When volatile matter is over 50 per cent of the to 
combustible. 

This chemical classification is roughly followed by a geographi 
cal one as well, since eastern Pennsylvania coals are quite generall 
anthracite while those in the central portion of the Allegheny- 
Atlantic valley are semi-bituminous in character. The coals orr 
western Pennsylvania, together with those of the southern 
and Mississippi valley, are of the bituminous variety, the percen 
age of volatile matter increasing with but few exceptions in th 
far West and Southwest. In the r^ons of the Northwest man; 
deposits of Ugnitic coals are found. 
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TABLE XXV. 
ANTHRACITE COAL SIZES. 



Name. 



Broken 

Egg 

Sto*'e 

Chestnut 

Pea 

Xo. 1 buckwheat 

Xo. 2 buckwheat or rice . . . 
Xo. 3 buckwheat or barlev 



Standard square mash. los. 
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r Anthracite coal is ordinarily placed upon the market under the 
s and names given in Table XXV. 

Coke is the product of coal, generally bituoiinous in character, 
when subjected to complete devolatilization iu the gas house 
retort or coke oven. It therefore contains' only traces of the 
hydrocarbons and consists essentially of pure carbon w-ilh certain 
admixed impurities. The latter, especially in the case of sulphur, 
may cause considerable trouble by fouling the grate and furnace 
walls, when the coke is burned under conditions of forced draft. 
Coke is rarely used as a steam fuel unless external conditions 
render it necessary. Smoke prevention in the residential districts 
of cities and the comfort of railway passengers in long undei^ound 
tunnels generally make the use of coke imperative. 

The use of oil as a fuel in the furnaces of steam boilers has 
recently attained proportions of great importance. Especially is 
this true in localities where oil is plenty and coal or other fuel 
comparatively scarce. Oil fuel is of two kinds, namely, the crude 
petroleum as it comes from the wells, and petroleum from which the 
lighter distillates have been removed. While for a given weight 
the former contains fewer heat units than the latter, the crude oil 
is of much greater specific gravity, and on the basis of calorific 
value for the volume occupied, has the advantage. One pound 
of crude oil contains between 18,000 and 19,000 British Thermal 
Units and is therefore the equivalent of 1,37 pounds of bituminous 
coal or 1.67 pounds of anthracite in so far as heat units are con- 
cerned. The equivalent evaporative power of oil is, however, 
greater than these figures would indicate since the ease with which 
the furnace conditions may be manipulated permits of a more 
perfect combustion. 

Oil burners may use air or steam as the atomizing agent and the 
mixing may take place within or without the burner. When it 
ia not expedient to use either air or steam a mechanical atomizer 
may be employed. The latter consists of a small orifice loosely 
closed by a plug. Upon the surface of the latter are helical 
grooves from which the oil issues at a high velocity, forming a 
rotary spray. Since the use of air causes additional complications 
in the plant, air burners are employed, as a rule, only where high 
temperatures are requiretl or where the effect of the steam jet 
would be injurious. In metallurgical and chemical processes the 
presence of so much moisture in the fiame is injurious to the 
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products. Air burners are more liable to clog with carbon than 
are steam burners. In general the arrangement of the furnaee 
has more to do with the efficiency of the plant than has the tjTx; 
and form of burner used. For the atomizing of one pound of oil, 
from one-quarter to one-half pound of steam is requiretl, or from 
one and one-half to three per cent of the total steam generated. 
Since furnace temperatures in oil burners reach from 2000° to 2400° 
F,, and in extreme cases 2800° F., it is necessary to protect the 
boiler shell from the direct action of the flames. This is accom- 
plished by baffle plates and linings of refractory bricks. 

The use of natural gas under steam boilers is restricted to the 
few localities where the proximity of gas wells and their uniformity 
of flow make it possible. As a cheap and cleanly fuel, easily con- 
trolled and adapted to many conditions, it has great advantages. 

Owing to its scarcity and high cost, wood as a permanent fuel 
for steam power purposes has been largely superseded. It is only 
in frontier sections of the country that the supply is plentiful 
enough to warrant its use, and generally in such cases the woofl 
burned occurs as a by-product of processes such as those of 
lumbering and paper mill operation. The hazard from flying 
sparks is great and the cost of transportation and handling is 
excessive, 

Many industries involve the use of materials which, after having 
performed their natural purposes, may be burned as waste products. 
Sugar cane from which the juice has been expressed, commonly 
known as bagasse, tan bark which has yielded its principle to the 
tan liquor, as well as chips, sawdust, leather parings and paper 
stock waste fall under this class of fuel. While many materials 
fonnerly classed as waste products are now turned to excellent 
account in manufactures, there still remains much refuse which 
alone can be burned. The design of conveyors and furnaces for 
such products is largely a matter of experiment and must be con- 
sidered as a special problem. 

In order to facilitate the selection of a reasonable figure for the 
number of pounds of water evaporated per pound of fuel, the 
following table has been compiled from the results of a wide range 
of tests. While the rate of consumption has some effect upon the 
evaporation, the kind of fuel is much more tUrrctly concerned. 
To discriminate between the evaporative elEcioncies of different 
types of boilers is a difl!icult and unsatisfactory task. The tight- 
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TAULE XXVU. 
FACTORS OF EVAPORATION. 
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For Various Peed-waler Temperatures and Sleam Pressures as coia<^^^| 




pared with Evaporation from and at iii'F. 


^^H 






m 




GwePnHun. Lb..p«.q. in. 




'^r 






to 


TS 


too 


1!B 


130 


1T3 


™. 


m 


XH ' 


32 


1.196 


1.201 


i.2a« 


1-213 


1.215 


I.2tG 


1.219 


1.221 


1-224 


M 


1.193 


1.199 


1.205 


1.209 


1.212 


1-214 


I.21G 


1,218 


1,220 


40 


1.188 


1.193 


1.199 


1.203 


1.207 


1.209 


1.211 


1-214 


1,215 


45 


1,1S2 


1,188 


1.194 


1-198 


1.201 


1.203 


1.206 


1-208 


1-210 


50 


1.178 


1.182 


1.190 


1.192 


l-19fi 


1.199 


1.200 


1.203 


1 205 


55 


lrl72 


1.178 


I.ISI 


1-187 


I 191 


1,103 


1.195 


1.198 


1.199 


60 


1. 168 


1.172 


1.179 


1.182 


I. ISO 


1.188 


1,191 


1-192 


I.IM 


M 


1.162 


I.lftS 


(.173 


1.177 


1.181 


1,182 


1,185 


1.187 


1.190 


70 


1.157 


1.162 


1.169 


1.170 


1 176 


1,178 


1.180 


1,182 


1 184 


75 


1,152 


1,157 


1.163 


1.166 


1.170 


1.172 


1,174 


1-177 


1 179 


80 


1.147 


1 152 


1.1,W 


1,101 


1,165 


1. 168 


1.169 


1,171 


1 173 


85 


1,141 


1,147 


1.153 


l,I.')b 


1.100 


1 162 


lift* 


I.IW 


1,169 


90 


1,137 


1.141 


1.148 


1 151 


lAdH 


1.157 


1,159 


1.161 


1.163 


95 


1 132 


1.137 


1,142 


I.14fi 


1.150 


1,152 


1.153 


1,156 


1.158 


100 


1.127 


1.132 


1,137 


1. 141 


I 145 


1 147 


1.149 


1,151 


1.1S3 


105 


I 121 


1 127 


1-132 


1.136 


1 140 


1 141 


1.144 


1.146 


1.118 


no 


1.116 


1 121 


1.127 


1.132 


1 134 


1-137 


1.139 


1.140 


1.142 


115 


1.108 


1,116 


1-122 


1,127 


1.129 


1.132 


1.133 


1.136 


1.137 


130 


1 100 


1.111 


1,117 


1. 121 


1.124 


1.127 


1. 128 


1.131 


1.138 


125 


1 101 


1 106 


1.113 


I.IIQ 


1.1J9 


1.121 


1.123 


1.120 


1.127 


130 


1.095 


1 101 


1.107 


1.111 


I 114 


I.IIG 


1.118 


1.120 


i.m 


135 


1 090 


i.on.'i 


1.102 


I.lOfl 


1-109 


1.111 


1,113 


1.115 


1.117 


140 


1 OSS 


1.090 


i.im 


1,101 


1,104 


1.106 


1,108 


1.110 


1.113 


143 


1 080 


1,085 


1.091 


1.093 


1,098 


1,101 


1,103 


1.103 


1-107 


150 


1 074 


l.OSO 


1.086 


1,090 


1.093 


t.095 


1,097 


1 100 


1.102 


IM 


1 fm 


1 074 


1.081 


1 085 


1,088 


1.090 


t,092 


1,094 


1-096 


160 


} m 


1.060 


1-075 


I.ORO 


1,082 


1,085 


1 087 


1,089 


1.091 


IC5 


1.036 


1.064 


1.070 


1.075 


1.077 


1,080 


1,031 


1,084 


1 086 


170 


1.054 


1.059 


1.065 


1.069 


1.073 


1.074 


1,076 


1.078 


1.081 


175 


1.047 


1,054 


1.060 


1.064 


1,068 


1.069 


1.071 


1,074 


1.075 


180 


I 043 


1,048 


1.054 


1 .059 


1,062 


LOW 


1,066 


1,069 


1.070 


185 


1,039 


1,013 


1-050 


1,053 


i,ai7 


1,059 


1-061 


1 063 


I 085 


190 


1 033 


1,039 


1.044 


1,(M7 


1-052 


1,054 


1,050 


l.ftW 


1. 060 


195 


[,02N 


i,o;« 


1.040 


1.042 


1,047 


1,048 


1,051 


i.aw 


1-054 


200 


1.023 


1.028 


1,034 


1.037 


1-040 


1.043 


1.046 


1.047 


1-048 


205 


1.017 


1.023 


1,029 


1.032 


1.035 


1.039 


1-010 


1 042 


1 043 


210 


1,013 


1 018 


1.023 


1.02S 


1.030 


1.033 


i-a35 


1 037 


1 03fl 


212 


1-010 


1.010 


1.021 


1 025 


1.028 


1.031 


1.033 


1-035 


1.036 














^^ 






J 


K 


m 


^ 



GRATE SURFACE 183 



Ele, let it be desired to find the expected actual evapo- 
ound of luine-riiu bituminous coal for a horizontal 
rptum tubular boiler, using feed water at a temperature of 130° F. 
and canning steam at a gage pressure of 125 lbs. per sq. in. As 
before, let the priming be assumed 2 per cent. The temperature 
corresponding to an absolute pressure of 139.7 lbs. per sq. in. is 
352.9' F. Consulting the heats of the liquid at the temperatures 
_ of the steam and feed water, it is evident that 
324.3 - 98.0 = 226.3 B.T.U. 
r pound will be necessary to raise the feed water to the steam 
mperature. To vaporize 98 per cent of the feed water into 
ci at an absolute pressure of 139,7 lbs. per sq. in. will require 
0.98 X 867.5 = 850.2 B.T.U. 
r pound. The total heat necessary to evaporate water under 
e actual conditions will, therefore, be 

226.3 + 850.2 = 107ti.5 B.T.U. 
Rie ratio of this to the standard heat of vaporization from and 
It 212" F. 

1076^^ 
969.7 

I the factor of evaporation. Referring to Table XXVI the 
uidard eva|X)ration for the coal assumed above may be taken as 
} lbs. per pound of coal. The actual evaporation will then be 

j^ = 8.555 lbs. 

aversely, if an old boiler has shown an actual evaporative 
wity of 10 lbs. of water per pound of coal under the peculiar 
jJQditions given above, its reduced evaporation will be 

10 X 11.11 = 11.11 lbs. 
r pound of coal, and the design of a new boiler to replace the old 
e should proceed from the latter figure as a basis. 
I S8. Grate Surface. — After having calculated the total rated 
ber consumption and the gross amount of fuel necessary for a 
ren design, it next remains to apportion the grate surface. For 
fery kind of fuel there is a certain rate of combustion which yields 
j) greatest evaporative economy. When a very low draft pres- 
) is used the oxygen of the air docs not penetrate the fuel- 
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bed sufficiently to produce complete combustion. A large per- 
centage of fuel drops tlirough the grate also. On the other hand, 
a very strong draft tends to carry large quantities of fine uncon- 
sumed fuel over the bridge wall and up the stack. 

In 1896 Mr. J. M. Wbitham made a series of tests upon a 100 
horse-power horizontal multitubular boiler for the Philadelphia 
Traction Co., to determine the value of certain auxiliary furnace 
apparatus in gaining a more perfect heat absorption. The teats are 
reported in Vol. XVII, Transactions of the A.S.M.E. As a basis 
for this work he made a very complete series of standard boiler tests 




LBS. OF DRY COAL PER 



EFFICIENCY OF COMBUSTION 

bituminous coal 
Fig. 105, 
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with varying draft conditions. In the plot, Fig. 105, is shown the 
variation in dry coal consumed per horse-power per hour and the 
rate of combustion. For rates above 20 lbs. of coal per sq. ft, of 
grate surface per hour there is a rapid diminution in cfBciency. 
At the left end of the curve there is also a loss though not so pro- 
nounced. At the point of best efficiency the boiler was working 
under an overload comprising 170 per cent of its rated horse-power. 
The fuel was a uniform grade, run-of-mine Pennsylvania bitum- 
inous coal. 

As a basis for the calculation of the grate area, therefore, a rate 
of combustion must be selected which gives a large margin for 
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economy. Table XXVIII gives the results of many testa under 
varying coDditions and may be taken to represent good average 
practice in apportioaing the grate surface. The A.S.M.E. boiler 
rating states that the standard couditioDs include a draft in the 
flue just beyond the lx>iler of at least one-half inch water column. 
The quantities given in Table XXVIII can easily be atUiined under 
this dr^t pressure. 

^^ TABLE XXVIII. 

^1 AVERAGE RATES OP COHBOSTION. 

^V Lbs. per Sq. Ft. of Grate Surface per Hour. 
f Draft, ) ia. Wat«r Column. 
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It is frequently the case that a new boiler is to be designed to 
replace an old one. the coal consumption of the latter having taken 
place under artificial or unusual conditions. It is then necessary 
to select constants which shall harmonize with the conditions of 
the previous design. The plot of Fig. 106 is inserted by special 
permission of the Babcock & Wilcox Co. It represents the coal 
consumption per sq. ft. of grate surface with a wide variety of 
draft pressures in the ash-pit. 

The intensity of natural chimney draft is greatest at the base 
• <f the stack and rapidly diminishes along the pathway of the gases 
i.mard the ash-pit. This diminution is due to the frictional 
Ti-sistauce offered by the flues, smoke passages and bed of fuel. 
With the ash-pit doors open as they should be, giving free access 
lo the atmosphere, the draft pressure in the ash-pit just below the 
grate is negligible in amount. The greatest loss in the draft 
pressure is ordinarily due to the resistance in pa.s.sing through the 
fuel upon the grate. The other losses occurring are those due to 
peculiarities in the setting, the turns in the uptake and the friction 
of the gases on the sides of the tubes and passages. Losses of the 
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latter character vary widely with the type of boiler and the arrunge- 
luetit of the sotting. 

There are three different stations at which draft readings are 
onliiiarily taken: (a) in the furnace just above the fire; (6) at the 
uptake damper where the hot gases leave the boiler setting; (c) at 
the base of the stack. In boilers having very eoniplex settings 
other points of observation may be established along the line of 
the gasee. Many experinienl^ have been made to determine the 
probable sub-diviaion of a given stack pressure among the various 
points of loss mentioneii above. The losses in the fuel-bed and 
tubes are not constant for all gas velocities but vary widely with 
the coal consumption. This fact is attested by data furnished in 
connection with the tests reporterl by Mr. J. M. Whitham to 
which reference was made above. The return tubular boiler used 
in his tests was fitted with a return flue or pass along the top of 
the boiler shell. Draft pressures were measured m the furnace 
just over the fire, at the front end of the tubes in the smoke-box 
extension and at the uptake damper near the rear end of the top 
pass. The losses in the tubes and fuel-bed varied widely, .while 
that in the top pass was a small and nearly constant one. The top 
pass is not often applied to multitubular boilers at present. From 
its connection at the front end of the setting it resembles somewhat 
the usual uptake, except that the latter is generally made of bare 
sheet iron. While these teats strictly apply to the above type of 
boiler only, they were carried out with such care and with so wide 
a range of combuation that they shed valuable light on draft per- 
fofDiance in general. The plot in Fig. 107 is constructed from 
numerical data taken from Mr. Whitham'a tables of draft and coal 
consuniption. With the total draft measured in inches of water 
as abscissa; the per cent loss at the fuel-bed, the internal gas 
passages and the extcraa! or top passage, respectively, are plotted 
as ordinatee. Three very distinct lines result. The first shows a 
gnulually falling percentage of loss at the fuel-bed, the second 
a slowly increasing per cent loss in the internal passages and the 
third a diminishing but nearly constant loss in the external 
passage. These results appear to be well founded and afford a 
Very reasonable method of apportioning the total chimney draft 
anaong the three chief factors which absorli it. With natural draft 
lowing an intensity of 0.50 in. of water at the stack, for example, 
Bib reasonable to expect that the fuel-bed will absorb about 52 per 
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pent or 0.26 in. Referring with this figure to the plot of Fig. 106 
A&d th« curve for Pemisylvauia bitutiiiiious coal, the consumptiou 
as indicated is 22.0 Iba. per sq. ft. of grate aurfiice per hour. Thia 
figure is precisely the consumption that Mr. Whitham'a tests 
showed under similar conditions. 

While, strictly speaking, the above results are alone applicable 
to the tj-pe of boiler and fuel used in the tests, they afford at the 
same time interesting suggestions in regard to draft performance 
in general. Doubtless with different sizes of fuel and boiler tubes 
the percentage of sub-division would vary widely. It is not 
rlaimed that these experiments furnish exact data for all possible 
1, but, as a reasonable approximation, it is believed that the 
■es of Fig. 107 afTord a fair means of estimating the portion of 
the total draft which is available for combustion at the grate. 

In designing boilers, therefore, it is well first to measure or 
estimate the total available draft. Then by means of the plots 
in the two preceding figures, determine the percentage at the fuel- 
betl and the corresponding consumption of coal per square foot of 
grate. From this the necessary grate surface for a given gross 
coal consumption may be determined. The practical size of grate 
use depend.^ upon the type of boiler and is discussed in Art. 69, 
;e 295, of the present chapter. 
When extra long uptakes are used or economizer apparatus is 
installed between the boiler and stack it is customary to make a 
gross allowance for the draft necessary to take account of such 
apphances. For uptakes O.IO in. of water is allowed for each 100 
ft, of straight run and 0.05 in. of water for each right-angle turn. 
for well installed economizers a gross allowance of 0.30 in. of 
"Mrster is customary. 

69. Boilei Tubes. — The best grade of charcoal wrought iron 
formerly used for lap-welded boiler tulies. This material was 
.ually superseded by welded soft Bessemer steel about ten 
ago. Since 1910 seamless open-hearth steel, drawn either 
or cold, has become the material preeminent for boiler tubes. 
le steel ingot pierced and rolled is submitted to successive 
<irawing operations, with the result that a tough reliable material 
is pro<iuced having neither seam nor weld throughout its struc- 
■tyre. Boiler tubi-s are sized according to the dimensions given in 
^hble XXIX. The outside diameter is the nominal diameter of 
^■etube. 



coal 



BOILERS AND PRESSURE VE8SEI£ 



TABLE XX rX. 

PROPORTIONS OF STANDARD BOILER TUBES. 

National Tube Co. 
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The thickness of the walls of boiler tuljes is luually made to 
fonfonn to the numbers of the Birmingham Wire Gage. A thick- 
ness of tube can be obtjiined for special purposes, one, two, thrtti 
or four gages thicker than the standanl. The wire gages aoil 
sizes concerned in boiler tube thicknesses are given in Table 
XXX. 
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TABLE XXX. 

BntlONGHAM WIRE GAGE NUMBERS 

and 
CORRESPOin>ING BOILER TUBE THICKNESSES. 



Actual thickneas 
oltube. 


Birm. Wire 
Gage. 


Actual thickDess 
of tube. 


Birm. Wire 
Gage. 


Ina. 

0.095 
0.109 
0.120 
0.134 
0.148 


No. 
13 
12 
11 
10 
9 


Ins. 

0.165 
0.180 
0.203 
0.220 
0.238 


No. 

8 
7 
6 
5 
4 



For locomotive practice tubes much heavier than those tabu- 
lated above are necessary. Such tubes are made both from seam- 
less and lap-welded steel. Their external diameters vary from 
li ins. to 3 ins. and each size is rolled with thicknesses of wall 
tanging through some nine different wire gages. The actual 
dimensions can be procured from manufacturers* handbooks. 

There are two methods of specifying the limiting size of tube 
for a given case. The smaller the tubes the greater the total 
heating surface for the volume occupied in the boiler. Small 
tubes easily clog with soot and choke the draft. Large tubes are 
wasteful of room and fail in efficient heat a})sorption. 

A common rule is to allow one inch of nominal diameter for each 
4 ft. of length when })ituminous coal is used, and for each o ft. of 
length when the fuel is anthracite, the boiler lx*inp; ()i)erate(l under 
natural draft. With artificial draft, such as is generally used in 
marine and locomotive practice, tubes of much less diameter than 
those specified by the above rul(»s van be used. 

A second method consists of prescribing an arbitrary limit for 
the ratio of length to nominal diameter which nmst not }>e exceeded. 
The value of this ratio is 48 and 00 resfKjctively in the two cases 
given in the previous rule. For vertical boilers where the circuit 
of the flames is short and direct, the ratio is generally placed at 70. 
For horizontal multitubular Ixiilers a ratio of CA) to Go is found to 
work well unless the coal is of a very sfxjty character. In marine 
type boilers when? the limited grate nxmi d<?mancLs a high rate of 
combustion combined with efficicnit heating surface, the ratio is 
often lowered to 40 or 45. 
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The number of tubes is detenniiied from the practical relation 
of their total internal transverse area to the grate area. It has 
been foimd by experiment that the calorific or smoke area should 
range from one-sixth to one-eighth the grate area. In verticil] 
boilers where the entrance to the tubes is close to the grate and 
the contraction in area is sudden, the smoke area should constitute 
a fairly large percentage of that of the grat«. In such cases the 
smoke area is generally made one-sixth the grate area. Where 
the pathway of the gases from grate to tubes has considerable 
length, as in horizontal multitubular boilers, a ratio of one-seventli 
or one-eighth Is found to give good result. The actual numbH 
of tubes to be used must he finally determined by the posaibility 
of placing them satisfactorily in the proposed tube sheet. 

Commercial boiler tubes are usually trinmied aeeuratcly at 
the entls and vary in length by integral half feet. The distani'e 
between the tube sheets must, therefore, be made to conform to 
the over-all length of the tube. 

The fastening of the tubes into the sheet at their ends is a matter 
of great importance in the construction of pressure vessels. For 
ordinary methods the hole in the tube sheet should first be ar- 
curately bored to the exact outside diameter of the tube, and the 
sharp comers rounded on both the inner and outer surfaces to a 
radius of about -^ in. The tube end should project beyond the 
tube sheet surface a distance of i in. With tubes ha\'ing plain 
ends the two following methods are employed. In the first a 
sectional tube exjiandcr is driven forcibly into the open end and 
distorts the tube as shown in Fig. 108. The central taper pin 
separates the segments of the expander and shapes the ribs both 
on the inside and outside of the tube sheet. This ia known ae the 
ProBser method. During the process the expander is frequently 
withdrawn and turucd alxtut to secure uniformity. 

Second, an cxpauding roller mandrel is introduced into the open 
end of the tube and rotated, swaging the tube firmly against the 
tube sheet. The latter is called the Dudgeon method. The pr^ 
jecting end ia left by this process as shown in Fig. 109, but may M 
spread by use of a conical tool to the flared shape shown in Fig- 1"°' 

The metal of the tube is not seriously injured by either of tlie 
above processes when skilfully performed, and tubes thus treated 
form efficient stays for binding together the two tube sheets. Tnfl 
action of the fire, however, on the projecting edge of the tube u 
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' severe and soon bums it away. Hence the tubes are al- 

inost always subjected to the further operation of beading. This 

leaves the finished work in the fonn shown in Fig. 110 for the two 

methods described above. The form of beading tool used is shown 
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)n Fig. 111. It is actuated either pneumatically or by hand. The 
tube material may become more or leas granular under the opera- 
tiun of beading, in which cast; \ts holding power as a stay is seri- 
ously impaired. In a fleriiw of tests in the laljoratory of the 
Massachusetts Institute of Technology made in April, 1910, Mr. 

tD. Carey found the holding power of 21 in. tultes when beaded 
Hit 10 per ce-nt i<«n than when simply flared. The manner of 



194 



BOILERS AND PRESSURE VESSELS 



failure gave evidence of granulation produced by excessive beading. 
When the operation is carefully performed upon metal of good 
ductility, the holding powers of beaded and flared tubes are sensibly 
equal. The durability of beaded tubes in resisting the action of 
the fire is much greater than that of the flared type. 
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PROSSER DUDGEON 

BEADED TUBES 

Fig. 110. 

A third method of fastening the ends to the tube sheet is by 
electrical welding. After having been swaged to a tight fit by a 
roller expander, the protruding tube end is surrounded with a beaJ 
of soft steel electrically fused to place. This process is widely 
used in modern locomotives at the fire box end of the tubes where 
the intense heat and vibration tend to cause serious difficulty. 
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BEADING TOOL 

Fig. 111. 

Where the effects of expansion are very severe upon the tube 
ends, ferrules are used. These consist of thin rings, either pla^^ 
or beaded, made of soft copper, brass or steel, as shown in Fig. 112. 
There are two methods of application quite different from one 
another. The first is illustrated in Fig. 113. The tube hole is 
accurately bored to a diameter slightly larger than that of the 
outside of the tube, as shown at the right. Soft copper ferrules, 
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P^enemlly of the beaded pattern and not over iV in. thick, are then 
inserted in the holes and lightly rolled in place. Lastly the tube 
is introduced from the left and expanded and beaded securely as 
previously described. Such joints are generally made at the fire 
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BOILER TUBES 




FERRULES 

outside method 

Fig. 113. 

X end of the tube only. If both ends are to be fermled a similar 
s may be employed. In locomotive practice the tube hole 
is oometimes bored of the same diameter as the outside of the tube. 
After rolling in the ferrule, the tube slightly swaged down at the 
end is inserted and expanded securely to place. This gives the 

B box joint shown in Fig. 1 13 at the left. 
ft The usual sixes of soft copper ferrules for this purpose are given 
I Table XXXI. 
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TABLE XXXI. 

STANDARD SEAMLESS SOFT COPPER FERXULBS. 
For Use upon Boiler Tubes. 

Procurable thickness of stock for all sizes ^, ^, ^, ^, /%, ^, } in. 



Inmde diam. 



Ids. 
1 

li 

li 

2 

21 
2i 

21 
3 

3i 
3i 
4 



i 
i 

i 
i 
i 



Widths of ferrule. 



I 
i 
i 

i 

I 



Ins. 



1 
i 

i 
I 

i 
i 
i 
i 
i 

3 
4 



i 

7 
1 

i 

i 
I 

I 
I 

7 

6 



u 



Fig. 114 illustrates the second method of using ferrules. When 
the tube material is especially weak or thin and is therefore liable 
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SET WITH 

FERRULES 

INSIDE METhOO 
Fig. 114. 




to spring back and cause leakage, strong ferrules of hard brass or 
steel are driven into the inside of the tubes at the ends. By this 
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means the durability of the joint is enhanced and the tube ends 
arc protected from the direct impact of the fire. To avoid choking 
the draft the tube ends are sometimes swaged out, as shown at the 
right in Fig. 1 14, to a diameter such that the smoke area is Dot 
tontracted. 

60. Stay Tubes. ^ When the boiler pressure much exceeds 
150 Iba. per si], in. and the tubes are spaced more than 2 ins. apart 
in the clear, it is neces-sary to mlopt some other means than ex- 
panding and beading to insure the holding power of the latter as 
stays. For this reason tuiies are often upset at the ends, threaded 
and screwed through the tube sheets, a check nut frequently being 
Mployed upon the outside. Fig. 115, With both ends thus 




<.m 



SCBEWEO STAY TUBE 
Fig, 115. 



Secured to place, it is necessary to have the pitch of the threads 
Continuous in both sheets. With long IuIm-k this is suinewbat 
<:]ilGcult to obtain. After uiaerting threaded tuheM, they are some- 
t,imes expanded and beailed. In large marine liuilerB every third 
Jpr fourth tube, horizontally and vertically, is often rnade a stay 
ibc. Also when the presence of internal water legn requires the 
n of certain areas of tu))e«, tlio*.* left along the iiiargin are 
furnished with nutA to enliance their holding power. Tube ««k 
should be upeet when thn-ail<tl no as t« leave the root area «ib- 
Wontjally larger than that of the shank. 

The National Tube Company fur:iish upnei and expanih^l Ixiiler 
of the five different patt^-rrw illuntratwl in Fig. I Ifi. a to e. 
ly the firet two foima with external and internal ufMeti are 
il. Tables XXXri and XXXIII on ttu-- foHowng 
the pr«MTib«d dimenKioM of lh«Ne fomw. Otb«r met 
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can be procured but their manufacture is attended with diflScvJ^^y 
and increased expense. The tabulated dimensions are specifi ^^ 
upon a basis of 2) ins. length of upset. 
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Fig. 116. 



61. Strength of Boiler Tubes, Flues and Furnaces. — The 

theoretical discussion of tubes subjected to external pressure was 
given in Art. 19, page 63, Chap. II. Many practical rules and 
fornmlsD have been suggested for finding the external pressure 
which tubes of certain diameter and thickness will sustain. The 
best summary of such practice is found in the Rules of the U. S. 
Supervising Inspectors of Steam Vessels, Exlition of Jan. 13, 1914. 
All tubes, flues and furnaces are divided into four classes as 
follows: 
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/, Plain Iap-wel(ie<l or seamless tubes up to and including 

6 iua. external diameter, 
// (a). Plain lap-welded or seamless flues over 6 ins, and 
not exceeding 18 ins. external diameter. 
(b). Riveted flues over 6 ins, and not exceeding 18 ins. 
external diameter, 
///, Riveted, seamless or lap-welded flues over 18 ins. and 
not exceeding 28 ins. in external diameter, made up in 
sections or courses. 
IV. Special furnaces having walls reinforced by ribs, rings 
or corrugations. 
Class /. — Tubes up to and including 6 ins. external diameter, 
of standard tliickiiess, may be subjected to external pressures 
Dcordance with those given in the following table: 

TABLE XXXIV. 
MAXIMUM EXTERNAL WORKING PRESSURES 

for use with 

LAP-WELDED AND SEAMLESS BOILER TUBES. 

From 2 to 6 ins. external diuneter. 



31 



0.095 
0,109 

o.ioa 

O.lOfl 
120 



0.120 
120 
134 
i:{4 

0.148 
0. le.'i 



190 



(124) 



If a thickness greater than the standard one is used, the ex- 
mal working pressure may be calculated by the formula 
^ (1386 + Fp)d 

86,670 ■ ■ ■ ■ 
here ( = thickness of tube wall, ina., 

F = factor of safety, to be taken as 5 for usual cases, 
p = extcnuil working pressure, lbs. per sq. in., 
d = external diameter of tube, ins. 
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Class II (a). — Plain lap-welded or seamless flues, over 6 ins. 
and not exceeding 18 ins. external diameter and having no rivets 
except those at their end ring seams, may be subjected to the 
working pressures given in Table XXXV. It may be noted that 
the tabulation gives abstract thicknesses. There is a certain 
degree of standardization of tubes from 7 to 21 ins. external diam- 
eter, but the dimensions are not universally accepted. It is 
better, therefore, to stipulate abstract thicknessee and the corre- 
sponding pressures. 

TABLE XXXV. 

MAXIMUM EXTERNAL WORKING PRESSURES 

for use with 
LAP-WELDED AND SEAMLESS BOILER TUBES. 

Over 6 ins. and not exceeding i8 ins. external diameter. 



Nominal 
diam. Out- 
side diam. 
of flue. 



Thickness required for various pressures. 



Ins. 

i 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 



100 lbs. 
sq. in. 



In. 
0.152 

0.174 
0.196 
0.218 
239 
261 
283 
0.301 
323 
344 
366 
0.387 



120 lbs. 
sq. in. 



In. 
0.160 

0.183 
0.206 
229 
0.252 
0.275 
0.298 
0.320 
0.343 
0.366 
0.389 
0.412 



140 lbs. 


160 lbs. 


180 lbs. 


200 lbs. 


sq. in. 


sq. in. 


sq. in. 


sq. in. 


In. 


In. 


In. 


In. 


0.168 


0.177 


0.185 


0.193 


0.193 


0.202 


0.211 


0.220 


0.217 


0.227 


0.237 


0.248 


0.241 


0.252 


0.264 


0.275 


0.26,5 


0.277 


0.290 


0.303 


0.289 


0.303 


0.317 


0.330 


0.313 


0.328 


0.343 


0.358 


0.337 


0.353 


0.369 


0.385 


0.361 


0.378 


0.396 


0.413 


0.385 


0.404 


0.422 


0.440 


0.409 


0.429 


0.448 


0.468 


0.433 


0.454 


0.475 


0.496 



220 lbs. 
sq.in. 

In. ~ 
0.201 

0.229 
0.258 
0.287 
0.316 
0.344 
0.373 
0.402 
0.430 
0.459 
0.488 
0.516 



The thicknesses in the above table are calculated from formula 
(124) with a factor of safety of 5, and are applicable to lengths 
greater than six diameters of the tube, to working pressures 
greater than 100 lbs. per sq. in. and to temperatures not over 
650° F. 

Class II (h). — Rivet^^d flues over 6 ins. and not exceeding 18 
ins. external diameter, constructed of iron or steel plate not less 
than 0.25 in. thick, and put together in sections not less than 
24 ins. in length, are calculate for maximum allowable external 
pressure by the following formula: 

8100 « 



(125) 
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where p = exteraal working pressure, lbs. per sq. in., 
t = thickness of plate, ins., 
d = external diameter of flue. ins. 

CUiss III. — Riveted, seamless or lap-welded flues over 18 ins, 
and not exceeding 28 ins. external diameter, riveted together in 
sections not less than 24 ijia, nor more thtm 3i times the flue 
diameter in length, and subjected to external pressure only, are 
calculated for maximum allowable external pressure by the follow- 
ing formula: 



966 t-b?,l 



(120) 



'^"herc p = external working pressure, lbs. per sq. in., 

»t = thickness of wall in sixteenths of an inch. 
I = length of fine sections, ins., to be > 24 and <3a d, 
d = external diameter of flue, ins. 

Class /v. — ■ The strength of special flues or furnace tubes having 
*^"alls reinforced by ribs, rings or corrugations has been the subject 
"' much controversy and experiment. While it is an easy matter 
"^ deduce the theoretical stresses in cylinders subjected to exter- 
^'^1 pressure, such calculations are of but Uttle practical value. 
f^'iy departiy^ from true circularity in the cylinder will bring 
^to play forces far in ex<;ess of those originally calculated. 
**eiice all useful formula; for tlus class of pressure vessels are in 
sense empirical, depending for their value upon experimental 
"^^^tfficients. 

^ The manufacture of furnace tubes is carried on in somewhat the 
'Allowing manner. A sheet of stool plate, sufliciently low in car- 
^in to weld readily, is scarfed along two opposite sides and rolled 
^i" ordinary plate rolls to a true circle. Powerful flame jets of water 
S^aare directed accurately between the overlapping scarfs, bringing 
'«*em to a welding temperature. , The joint is then carefully welded 
^^r machine throughout its entire length. The plain furnace tube 
^**U8 formed, after being heated uniformly in an oven, is introduccil 
J^etween corrugating rolls. The latter operation gives the tube 
**« flnal form and at the same time reduces its length a considerable 
^tnount in consequence of the corrugations. To secure different 
^•hieknesses of metal the plate used, as well as the distance between 
the corrugating rolls, is varied. 
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The earliest attempts to strengthen plain furnace tubes i^ 
collapse took the form of angles or tees riveted to the extei 
the tube in the form of rings. All such arrangements massed 
volumes of metal close to the fire and the life of the exposed 
heads was naturally of short duration. Most of these forn 
now obsolete, having been superseded by the modem corru 
furnace. The Rules of the U. S. Supervising Inspectors oti 
Vessels recognize three of these older types: 

{a) Plain circular flues riveted together in sections. 

(fc) Plain circular flues flanged at the ends and rivett 
Adamaon rings. 

(c) Circular flues made up of corrugated rings rivet© 
gether in st'ctions. 

The material specified for use in such furnace tubes must 
a tensile strength lying between 58,000 and 67,000 lbs. per s 
and an ultimate elongation of 20 per cent in 8 ins. \ 
otherwise stipulated the plain portions at the ends of tubes c 
kind must not exceed 9 ins. in length. 

(a) Rivclcd Tubes. — While there is some enhancemei 
strength from the double thickness of metal occasioned by m 
up flues in sections, the advantage is largely offset by the 
ability of overheating and consequent deterioration. Fo: 
pressures and moderate service the proportions for such 
are calculated by formula (126) given on page 203. The thic 
of wall in this formula must not be less than VV '"■! tbe I 
of sections not leas than 18 ins. and the diameter of the fli 
more than 42 ins. If any of the above conditions are exct 
the wall of the flue must be stayed as a flat surface. 

{b) Adamson Rings. — The Adamsoti ring, Fig. 117(a), 
prises the most satisfactory method of reinforcing furnace 
by means of riveted joints. The bulk of the metal comprit 
the ring and rivet heads is well removed from contact with th 
The lap edges can be beveled and given a preliminary oi 
against the ring. There is also some flexibility iu the 1 
flanges adjoining the ring. The following proportions are i 
lated by the U. S. Supervising Inspectors: ^H 

Length of section not less than IS ins. ^H 

Plate not less than -^ in. thick. ^| 

Radius of flange on fire side not lesa tlmii three times the 
thickness. 
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Depth of flange not less than radius on fire side plas throe times 

the driven rivet diameter. 
Thickiusa of flange as near that of plate as practicable. 
Lap on fiaiiges at least one and one-half times driven rivet 

diameter. 




FURNACE CORRUGATIONS 

Ff.;, 117. 



t diameter not less than plate thickness plus \ in. 

I^ppth of ring not less than three times driven rivet diameter. 

T'hifkneas of ring not less than J in. 

M'^heu so designed, furnaces reinforced by Adamaon rings 
['^y t>e subjected to pressures derived from the following 
''^flnula: 



k 



1080 1 -ml 



(127) 
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where p = external working pressure, lbs. per sq. in., 

t = thickness of wall in sixteenths of an inch, not to 

be less than ^ in., 
I = length of flue section, ins., not to be less than 

18 ins., 
d = external diameter of flue, ins. 

(c) Corrugated Rings, — Occasionally furnace tubes are made up 
of rings corrugated at the center and riveted together circumfer- 
entially. Such furnaces are subject to the following stipula- 
tions: 

Length of sections not more than 18 ins. 

Total depth of corrugations, including plate thickness, not less 
than 2| ins. 

Ends accurately fitted into one another and substantially 
riveted together. 

Plain parts at ends not over 12 ins. long. 

When so constructed built-up corrugated flues may be calcu- 
lated for external pressure by the following formula: 

10,000 < ,,^, 

P = — ^> (128) 

where p = external pressure, lbs. per sq. in., 

t = thickness of tube wall, ins., not to be less than 

T« in., 
d = mean diameter of cylindrical portion, ins. 

The use of specially ribbed or corrugated furnaces has obtained 
exclusive acceptance in Scotch boilers. An attempt has been 
made, and with some success, to adapt such furnace tubes to the 
requirements of locomotive practice both in this country and in 
Europe. The exact form of the corrugation is an element of 
considerable importance and a vast number of types have been 
patented since tlie original effort of Mr. Samuel Fox in England. 
Of these the Fox, Morison, Purves, Brown, Leeds Bulb, Holmes, 
Farnley and Deighton have received more or less acceptance. 
Tlie first three forms, however, are the ones most widely used, since 
they have been thoroughly tested and standardized by numerous 
Boards of Survey and Insurance. A specimen corrugation is given 
for each in Fig. 117(b), (c) and (d). It is to be noted that the 
metal is of uniform thickness in the Fox and Morison types while 
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the Purves has ribs of increased depth. The formula used in cal- 
culating the external pressure on such furnaces is of the form 

Constant X< .-^^v 

P = ^ , (129) 

where p = external working pressure, lbs. per sq. in., 

t == thickness of wall, ins., not to be less than A in., 
d = mean diameter, ins., for Fox and Morison types 
and least outside diameter for Pur\'es type. 

The constant used in the numerator is the quantity derived from 
experiment and upon it the working pressure ilirectly depends. 
For the Morison type the constant equals 15,600 and for the Fox and 
Purves, 14,000 respectively. The pitch of the corrugations is 6 ins. 
in the Fox, 8 ins. in the Morison and 9 ins. in the Purves type. 
There is an essential difference in the manufacture of these furnaces. 
Fox and Morison furnaces are made from flat plate corrugated 
after welding to a circular form. The proportions of the corru- 
gations are always those showTi in Fig. 117(b) and (c). The Pur\es 
furnace is ribbed while in the form of flat plate and is weldeil 
to a circular form thereafter. 

The inside diameter of these members is usuallv calculated in 
connection with the necessary grate area. After ha\'ing calculated 
the thickness, the outside diameter can be found by reference to 
Fig. 117. These furnaces are generally riveted to flanges bent out 
from the tube sheets, hence their ends are left plain. For marine 
use the reverse is the case in as much as the furnace ends are 
flanged and riveted to flat tube* sheets. With plain ends the fur- 
naces may be finished in either of three methods* First, both 
ends may be left slightly larger than the outer diameter of the 
corrugations to facilitate entrance through the tube sheet. A 
difference in diameter of \ in. between that of the corrugation and 
of the tube sheet opening Ls sufficient. Second, lx)th ends may 
be finished to confonn to the lesser diameter of the corrugations. 
This would require a .somewhat smaller flanged opening in the rear 
tube sheet. Third, one end may l>e l(*ft large and the other small. 
In ordering furnaces the designer should take careful thought in 
regard to their renewal and provide for its easy accomplishment. 
The cylindrical portion at the ends should never be more than 9 
ins. in length. 
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For marine use the combustion chamber end of the furnace Is 
generally heavily flanged. To provide for entrance through the 
hole in the front tube sheet, the flanged end is made oval in out^ 
line with its lower hp bent up auflBciently to allow the fumaco to 
be tipped into place. 

Morison tubes, the type most widely used in this country, are 
obtainable in sizes varying in inside diameter from 28 ins. to 60 
ins., and in thickness from -^ in, to J in. It is not good practice to 
specify tubes exceeding these limits. 

Plenty of cirrulation space must be allowed around furnace tubes 
since they are rapid steam producers. When placed side by side 
the corrugations should be arranged to alternate so as to give a 
channel of uniform width Iietween them, 

62. Diameter of Boiler. — The ratio of steam space to water 
space is generally chosen more or less arbitrarily with reference to 
the type of boiler to be designed. A small water volume conduces 
to irregularity in steam pressure and necessitates careful attend- 
ance. In the reverse manner a large body of water steadies the 
operation of the boiler and serves as a reservoir of energy for 
sudden demands. A ratio of steam space to water space ranging 
from one-half to one-third is found to work well in practice. 
The total volume of an externally fired boiler is made up of three 
parts, namely, that occupied respectively by the tubes, steam and 
water. Having calculatetl the size and number of tubes, their 
total external volume should be set down as the first item. From 
the steam space per horse-power as specified in the problem at 
hand, the gross volume occupied by the steam may be computed, 
Lastly, with the stipulated ratio of steam space to water space in 
view, the total numl>pr of cubic feet of water in the boiler may be 
determined. The sum of the above three items taken in connec- 
tion with the proposed length of tul>es fixes the necessary diameter 
of the shell. 

The length of boiler is generally established by the ratio of tube 
length to diameter as discus.sed uniler Art. 59, page 191. Very long 
boilers may be used when gas or oil is the fuel. They are, how- 
ever, difficult to operate and are not as durable as those of less 
length. Table XXXVI gives a general idea of current practice in 
regard to boiler proportions. 

From the requisite volume and specified length of the boiler the 
transverse area and corresponding diameter may Ire found. Boiler- 
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TABLE XXXVI. 

USUAL PROPORTIONS OF BOILERS. 

Horizontal Return Tubular Boilers. 

International Engineering Co. 



Diam. of abtll. 


Diam. of tubas. 


Length of tubes. 


Ids. 


Ids. 






Ft. 




36 


2i, 3 




8, 


10. 12 


• • • • 


42 


2i, 3 




10, 


12, 14 


• • • • 


48 


21, 3 




12, 


14, 15. 


16 


54 


3, 3J 




13, 


14. 15, 


16, 18 


60 


3, 31 




14, 


16, 18 


• • • • 


66 


3, 3i 




16. 


17. IS. 


20 


72 


3, 3; , 


4 


16, 


18. 20 


• • • • 


78 


3, 3 , 


4 


16. 


17, 18. 


20 


84 


3, 3; , 


4 


16. 


18, 20 


• • • • 


90 


3, 3 , 


4 


16, 


17. 18. 


20 


96 


3. 3J. 


4 


16, 


17, 18. 


20 



Vertical Fire-tube Boilers for Power Plant Use. 

Diam. of tubes, ins 2, 2J 

Length of tubes, ft 13, 14, 15, 16 

Dry Back Scotch Boilers. 
Continental Iron Works. 



Short type. 



DiaiD. of shell. 



DUm. of tubes. Length of tubes. 




Inside diuni. of , , , 

furnace. !-«"««* *^ "' «"»' •• 

In.s. 



(1) .% 

(1) 36 

(I) SH 

(1) 45 

(1) 50 

(2) 38 
(2) 45 
(2) .=>0 



Ft. Ins. 

4 

5 

6 4 

6 8 

7 3 

6 4 
() S 

7 3 



LonK typo. 



6 9 


4 


7 3 


4 


7 9 


4 


9 4 


4 


10 


4 


10 9 


4 



16 

16 

16 

16 

16 

16 



(1) 38 


6 4 


(1) 41 


7 4 


(1) 45 


S 


(2) 38 


(> 4 


(2) 41 


7 4 


(2) 4,5 


S 



Locomotive Type Boilers Without Dome. 
Hodge Boiler Works. 



Diam. of m-aiflt. 



Ins. 

36 
42 
48 
54 
60 
66 
72 



Length of 3 in. tul>CM. 



Ft. InB. 



/ 





8 





10 


6 


11 





13 





15 





15 






Dimensions of grate. 



Width. 



't. 


InH. 


2 


6 


3 





3 


6 


4 





4 


6 


5 







6 



Length. 

1 


! Ft. 


Ins. 


4 





4 


2 


4 


6 


5 





5 





5 


6 


6 






210 



BOILERS AND PRESSURE VESSELS 



1 



making machinery is generally arranged to handle shells varying 
in diameter by multiples of half feet. Hence it is rarely wise to 
adopt boiler diameters other than thtrae which are multiples of six 
inches. The next commercial diameter above that calculated should 
therefore be chosen. This sometimes secures a lai^e increase in 
the volume of the steam space per horse-power. 

The method outlined above for finding the boiler diameter is 
also followed for dry back Scotch boilers, except that the mean 
external volume of the furnace tube must be included with that 
of the fire tubes in determining the total volume. It is usually 
accurate enough to consider the various types of furnace tubes 
as plain cylinders, the diameter being that corresponding to the 
average depth of corrugations upon the outside of the tube. 

In vertical boilers the procedure ia somewhat different. The 
water leg surrounding the furnace must have a minimum net 
thickness of at least three inches in order to secure circulation. 
The circular grate must have a diameter sufficient to bum the 
requisite fuel economically. There must also be a narrow annular 
expansion space between the grate and internal furnace wall. 
The height of the furnace is generally made about three-fourths of 
its diameter to give room for combustion. Having ealculat*^ the 
necessary diameter of grate, the proposed boiler diameter may be 
determined by adding the room necessary for expansion and for 
the wat«r leg accommodations. The total volume of a vertical 
boiler, Fig, 147, page 262, is made up of four parts, namely, the 
respective spaces occupied by the furnace, tubes, steam and water. 
Having assumed the dimensions suggested above in regard to 
height and diameter of furnace, its volume can be computed. To 
this should be added the aggregate external volume of the tubes. 
The length of tubes is usually fixed with reference to their diam- 
eter and sot down as one of the original specifications. Having 
adopted a diameter and total height for the boiler the normal 
mean water level, based upon the specified ratio of st^am to 
water, may be establishcil and the actual volume of steam per 
horse-power determined. The maximum mean wat^r level as 
fixed by the least permissible steam volume per horse-power should 
also be notetl in order that the possible variation in the super- 
heating surface may be obtained. 

Vertical boilers are divided into three classes with respect b 
form of shell: (a) straight shell boilers; (6) Manning or ' 
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ndatc " boilers; (c) taper course boilers. The vertical stra^ht 
; riiell boiler has a manhole Id the middle course which permits in- 
spection and repair. There is provided an aimular space between 
the shell and tubes of sufficient width to enable a man to pass 
around the boiler inside. Constructively this type is superior to 
■ the other two, but the degree of superheat obtained is naturally 
f very small. 

The Manning boiler does not permit entrance for inspection 

[ and contains no stays in the upper head. In onler to obtain a 

I furnace of reasonable dimensions with the restricted steam and 

r water space characteristic of this type, the lower course is increased 

E in diameter by means of a reverse curve just above the fire box. 

I The severe treatment to which boiler plate must be subjected in 

I order to shape it to ttiis complicated form is liable to cause 

structural weakness. There is also considerable endwise stress 

tending to straighten out the reverse curve. When built with 

the best of flanging machinery and careful workmanship, Man- 

Ining boiiera have served through long periods with safety and 
(fficiency. 
The taper course boiler is an attempt to gain the restricted 
Bteam space and consequent superheating efficiency of the Manning 
boiler without the use of the reverse curve. This type usually has 
a manhole and provides room for inspection in the lower part of 
the shell. A riveted joint in a tapering course is a difficult feature 
to calculate and still more ao to construct. Hence the use of this 
type of boiler has been very limited. 

The diameter of the cjlindrical shell for locomotive-type boilers 

is calculated by the general method outlined above for horizontal 

return tubular boilers, except that an approximation must be made 

Lin regard to the steam and water volume around the furnace. As 

l« rough estimate the latter volume may be assumed to constitute 

^About one-fourth that of the entire boiler. If it is desired to obtain 

1 final steam space of 0.8 cu. ft. per horse-power, the cylindrical 

■portion of the shell should, therefore, be designed on the basis of 

Bthree-fourths of the latter quantity or O.G cu. ft. per horse-power, 

Uter having laid out the shell, water legs and furnace, and estab- 

ihed the mean water level for a specified ratio of steam to water, 

B exact volume of steam per horse-power should be computed. 

[Tater legs are generally given a net inside width of at least three 

inches and the pitch line of the mud ring seam is set from 25 per 
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cent to 30 per cent of the boiler diameter below the exterior of the 
shell. With these proportions in view it is not diffifult to calcu- 
late the final water volume and establish the exact ratio of steam 
to water. The contour of the furnace roof will be flat or curved, 
depending upon the type of staying to be used. 

63, Steam Space. ^ The volume of steam space per horse- 
power depends upon the rapiditj' with which the steam is with- 
dniwn, the possibility of using a dry pipe or steam separator and, 
lastly, the relative amount of disengaging surface at the nor- 
mal water level. Restricted steam space conduces to wet 8t*am 
and, if the boiler is rushed, to foaming. The usual volume per 
horse-power ranges from 0.6 (o 0.8 cu. ft. per horse-power, and in 
rare instances the figure has been increased to 1 cu. ft, per horse- 
power. With the lesser of the above figures a drj' pipe is generally 
used. Sometimes the requirement is specified that the volume of 
the steam space shall be adequate to supply the engine for 20 
seconds, under the assumption that the water furnishes no steam 
during the period. Knowing the volume of the engine cylinder at 
cut-off and the revolutions per minute, the steam space may be 
calculated. Or, again, the steam space may be caleuiatetl from 
the specific volume of the steam and the number of pounds con- 
sumed per hour by the engine. The more rapid the withdrawal 
of steam and the smaller the disengaging surface, the greater 
should be the steam space. 

64. Water Level. — Taking the diameter of the bralerfl 
determined, the net volume may be divided into ste-am and H 
space in the specified ratio by reference to the accompanying curve, 
Fig. 118. 

It is best in making this division to use the transverse area of 
the boiler rather than the volume. The curve is practically a 
explanatory with the following nomenclature: 

Let A = total area of steam segment, 
D = diameter of shell or drum. 
h = height of the segment to be occupied by ateaiD 

Having found the gross transverse area of a proposed cylindl 
boiler, the total external traiis\'erse tube area should be subtra 
from it, leaving the net volume to be occupied by steam and w&M 
Dividing this in the ratio of steam space to water space, the val 
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to the plot. This procedure locates the normal mean water 
level. 

The distance between gage cocks varies somewhat with the 
diameter and horse-power of the boiler. Less than 3^ ins. of water 
above the top row of tubes is not safe and the lowest gage should 
be set at this uniform limit. When the disengaging surface is 
large, as in Scotch boilers, and small increments in the height of 
the segment correspond to large volumes of water, the gage cocks 
may be placed relatively close together. The reverse is true of 
those types of boilers having narrow confined steam spaces. 
Table XXXVII gives a general idea of current practice in this 
regard. 



TABLE XXXVII. 

WATER LEVEL REQUIREMENTS. 

Horizontal Return Tubular Boilers. 
Low water level 3J ins. above surface of tubes. 



Boiler diametera. 


Distanoe between 
gage cocWh. 


Ins. 

36, 42, 48 .. 

54, 60 

66, 72, 78, 84 


Ins. 
3 

4 
5 



Vertical Fire Tube Boilers. 



36 to 48 incl. 
49 to 66 incl. 
67 to 96 incl. 
97 to 120 incl. 


4 
5 
6 

7 



Dry Back Scotch Boilers. 

Low water level 3 J ins. above surface of 
tubes for all diameters. Distance between gage 
cocks may be reduced to a minimum of 3 ins. 

Locomotive Tjrpe Boilers. 

Low water must be from 3 to 5 ins. above 
the upix^r surface of the crown sheet. The dis- 
tance between gage cocks is usually 3 ins. for 
all diameters. 
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In order to avoid priming there must not only be sufficient steam 
space in the boiler but a reasonable amount of surface for the dis- 
engagement of the steam bubbles as well. In horizontal cylin- 
drical boilers small changes in water level correspond to large 
variations in the amount of disengaging surface. The following 
table gives the average amount of disengaging surface per 
horse-power for a number of well designed boilers of various 
t}T)es. 

TABLE XXXVIII. 

DISENGAGING SURFACE PER HORSE-POWER. 

Mean water level. 



Type of boiler. 



Diaen{;a|png surface, 
sq. ft. per U.P. 



Horizontal return tubuhxr 0.70 to 0.80 

Dry back Scotch 0.60 to 0.70 

Vertical straight shell 0. 16 to 20 

Vertical (Manning) 09 to 0. 10 

Locomotive-tj-pe 0.80 to 1 .00 

Sectional water tube 0.30 to 0.40 



In order to make more evident the variation in disengaging 
Surface corresponding to a given change in water level in horizontal 
V)oilers, the plot of Fig. 119 has been prepared. The abscissae 
^»^present ratios of height of s(*gment h to radius of shell R ; and 
the ordinates similar ratios of the total width of di.s(»ngaging sur- 
face w to the radius R. 

A 100 H.P. horizontal return tubular iKJilcr, 00 ins. in diameter an<l 17 ft. 
long, carries a mean water level 17 ins. Ik'Iow the top of the shell. What is 
the disengaging surface per H.P.? 

Solution: — 

li m 
- 0.507. 



Value of 



w 



From Fig. 119, corresfwnding jf ~' ^-^^ 



or 



Total disengaging an^ 



or 0.765 sq. ft. jHrr H.P. 



w = 'AS) inrf. 
« 765 ¥4\. ft. 
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TTie above requirements for tlisengaging surface have of necea- 
aity to be greatly reduced in the caae of very large boiler horse- 
power units. As a limit one-half the above specifications are 
sonietinios found in boilers of 800 and 1000 horse-power. 

Having determined the position of the mean water line, the 
upper and lower gage cocks and the tops of the tubes should be 
located. It is frequently difficult to secure room enough for the 
requisite number of tubes, especially when there is a manhole in 
the front tube sheet. The water level in the boiler is often arbi- 
trarily raised for this purpose. Taking the minimum volume 
required for the steam space of the boiler, the highest possible 
position of the tubes should next be calculated. Preparatory to 
laying out the tube sheet a drawing should l>e made of the front 
head of the boiler with the normal and maximum tube levels 
indicated upon it. The placing of the water level in vertical 
cylindrical boilers is an easy matter, merely requiring the sub- 
division of the total boiler volume in the ratio specified for steam 
and water. 

66. Shell Thickness. ^ Taking into account the specified 
constants for boiler plate, u factor of safety of at least five and the 
efficiency of the proposed joint, the shell thickness may be read 
from the plot of Fig. Il,page57. Boiler plate is readily procurable 
in thicknesses varying by ^ in. In rare cases the thickness of the 
shell may be taken to the nearest thirty-eecond of an inch, but 
such plate has to I>e specially 
ordered. The next commercial 
thicknesB above the decimal 
value ( 

be selected. For the i 
externally fired boilers A ^^- ^ 
genenUIy considered the man- p ,„ 

mum allowable thtckneas, due to 

the liability of thicker {dates to overheat and bum. Sbelltt A in. and 
i in. thick, when oeceflsary, prewnt iipecial difficulty, at the ring 
Beam. The mass of metal at tbi» ptnnt w vfry liable to be injured 
by overheating. To ob\'iate thia various deugneni liave cut awmy 
part of the plate thiekiimK locally, as idiowu in Fig. 120. Tbe 
tenflion on tbe ring mmta being small in bra4;cd cylindrical shells, 

U «3Cpedieat u a safe one. In the waune toauner a mluction of 
I b fre<iueuUy made at tbe itcam where furnace tubes 



nc3B atx>vc the decunal / ' A eg 

; calculated should usually v^^jt^j^^ I ^^^ 
.toed. Fo, the d,dl. of M^^-\-W^ 
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are joined to the tube sheets of Scotch boilers. Fig. 121 shove 
tlie method by which this is accomplished. The metal in tiiis 
seam is especially Hable to deterioration if left full thickness, con- 
sequently the scarfing of each plate is a desirable expedient. 
Abrupt changes of thickness must be 
carefully avoided however. Before adopt- 
ing such an arrangement accurate calcul*- 
tions to detemiine the least factor of safety 
^ should be made, assmning no help (mm 

^j^ the braces, tubes or stay rods. Theeffert 

^^^^ ^-gjM of corrosion should also be included iii 
such ail in\e8tigation, since ring seaniB 
■^n- hable to this reduction in strength. 

66. Tube Sheet. — Having detenninwi 
the maximum and normal tube lev-els for 
horizontal cylindrical boilers, the det^ 
FtJRNACE SEAM arrangement of the tube sheet shouldnwt 

Fia. 121. be worked out. It should be kept in mind 

that the tubes are useful not alone iu pro- 
viding heating surface and in conveying away the smoke, but also 
as stay rods, the expanding and beading at their ends making them 
verj- effective for this purpose. Too much unstayed plate between 
the tubes and shell is to be avoided, ^nce its presence would 
necessitate isolated local stays. Such arrangements are rarel)' 
to be tolerated especially in small boilers. From the revew 
standpoint the tul>ea must be kept a reasonable distance away 
from the shell In order to insure some flexibiUty and prov'ide for 
differing degrees of expansion. The water circulation also lif 
mands a clear channel outside of the tube space. Hence the tube^ 
are generally arranged to fill as uniformly as possible the sp^ 
below the maximum tube level bounded by the arc of a circle 
3 ins. inside of the innermost course. 

It is never wise to locate one or two isolated tubes low down in 
the sheet close to the shell. They possess but little value as best- 
ing surface, impede the circulation where the latter is most neodt* 
and displace a sul)stantial amount of water which should be 
present to al>8orb the direct heat of the fire. It is a good rule W 
secure an uninterrupted segment of water not leas than 6 J M.^ 
depth over the furnace in all externally fired boilers. 
Whenever man- and handholes occur care must be 
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'he neighboring tubes do not encroach upon the room necessary 
i'T gaskets and Qanges. 

The thickness of the tube sheet is generally first assumed and 
■iU'T taken into account in designing the staying system. As a 
nile the tube sheet should be either j'j in. or 5 in. thicker than the 
>hell for horizontal cylmdrical boilers. Tube sheets f in. thick are 
'iifficult to stay and those | in. ajid over in thickness are too rigid, 
hence the thicknesses in general use are /g in., ^ in. and r'e in- 
The effect of the thickness -adopted upon the staying calculation 
is explained in Art. 68. 




|j 




MANHOLE OPENINGS 



FRONT MEAD 
Fiu. 122. 



^^'In modern boiler practice the flange at the margin of the tube 
sheet is rolled to shape with as little injury to the plate as possible. 
The tube sheet, heated to a bright red, is clamped in a flanging 
machine and its edge spun to the desired radius by internal and 
external rollers. Flanges thus formed may have an internal radius 
'•qual to the thickness of the plate aa a minimum, but whenever 
I)ossible two to three times the thickness should be allowed for 
the internal radius. Flanges so formed are a source of inherent 
rigidity to the adjacent plate. 
Man- Bad handholes should be so located that their gaskets ahall 
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in all cases be provided with flat seats. Yokes or crabs should also 
be provided with adequate standing room upon the plate. Such 
openings should be placed as low down in the boiler head as the 
flanging operation above described will permit. When a flanged 
seat is provided for the manhole the reverse curve shown in Fig. 
122, at the left, may be used as a minimum arrangement. It is 
better, however, when possible, to provide at least one-half inch of 
flat plate c between the two portions of the reverse curve as shown 
at the right. When considering the proximity of tubes to flanged 
openings care must be exercised to secure flat plate against which 
the operation of beading the tube may be performed. Sometimes 
the symmetry of the tube sheet is locally disturbed in order to 
throw a few tubes nearer the outUne of a man- or handhole. 

There are three general methods of tube arrangement for hori- 
zontal cylindrical boilers: (a) vertical rows; (b) diverging rows; 
(c) diagonal rows. 

Fig. 123 shows a typical sheet of the first class. The vertical 
and horizontal spaces between tubes should never be less than J in. 
in the clear, and when possible the horizontal ones should be made 
1 in. A vertical circulation space at the center of the tube sheet 
is desirable. If use<l, its net width should be at least 2 ins. When 
more space than this is available care must be taken that the 
unstayed tube sheet in this locality is not liable to give way. In 
general the dimensions and ratios indicated in Fig. 123 should be 
given. 

Any additional room upon the upper horizontal rows of tubes 
may be taken into good account to secure better circulation. 
Fig. 124 shows a typical tube sheet arrangement with diverging 
rows. The central rows are arranged as shown with vertical center 
lines parallel with that of the tube sheet. The top row is then 
spaced out arbitrarily, so as to bring the right hand tube close to 
the three inch limit. This may give spaces between the tubes of 
decimal value. An over all measurement, however, will enable 
the tubes to be placed without difficulty. Near the handhole the 
tube spacing in a horizontal direction is restricted to f in. in the 
clear, and by stepping off the measurements k k k, s^ maximum 
number of tubes are accommodated. This arrangement plac^ 
the maximum circulation space where the steam bubbles are the 
most numerous and conduces to dry steam and easy operation. 

When it is very necessary to provide a niftximum amount of 
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beating surface and the tube sheet area is of necessity restricted, 
^"'^ arrangement shown in Fig. 125 may be adopted. Where the 
'•Oder is in motion, such as in marine and locomotive practice, the 
^'■•^■an.i bubbles will be detached from tho tuljes without special 
'"ificulty although the channels are as limited a.s shown. The 
^"Stance between tubes in the clear should not Ire less than J in, 
^^ any direction and the arrangement should be such that the 
'*diinent from the top of one tube will not lodge upon its neigh- 
. '*^r. For stationary boilers diagonal tube sheets are rarely used. 
'^Hjken or irregular arrangements of tulxs are never permitted, 
^Oce they tend toward complication and mistakes in the final 
'Wout. 

In order to gain an idea of the possibility of a proposed arrange- 
"lent, discs of paper or metal serving as templates to scale may 
first be laid down upon the drawing of the tube sheet outline. 
After such a trial an accurate location can be made. A complete 
Vertical section from top to bottom of the tube sheet should be 
<lrawn, in addition to the elevation, for use in designing the 
stajing later. 

In dr>' back Scotch boilers, Fig. 126, the spacing of tubes is 
Usually in vertical and horizontal rows. For marine use the tubes 
itiay be placed on diagonal lines. On account of the size of the 
boiler unit and the \'iolcnce of the ebullition witliin, more space 
should be left between the tulles than in the case of horizontal 
return tubular boilers. At least IJ ins. horizontally and 1 in. 
Verticallj' should be left in the clear betwei^n tubes. The furnace 
tube directly over the fire constitutes very efficient steam generatr- 
iiig surface and therefore a central circulation space should a]wa>'B 
Vte provided in this type of boiler, ito net width varying from five 
to ten inches with the diameter of the furnace tube. When two 
Or more furnace tubes arc used, it is well to liave the corrugations 
arranged to come in alternation ho that the circulation space be- 
tween them may be of uniform width throughout. The diKtanoe 
in the clear between fumare tulx-x ohfjuld not \k lew tlwQ 3 im. 
and twice thia amount is desirable when ptjomble. The duteaee 
from the shell Ui the furnace tulte may be delennlned the same at 
ui the case of ()>c manbote. Fig. 122. poffc 210. 

In order that tlie tubn may erul inn<le of iht" brick linini; at the 
combustion chamber, the uutrnde rjf the lube area afaouid not 
approach nearer tbaa 4) uui. to the iifaeU. The furnace tobe 
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expajids anil contracts considerably, hence no fire tube should 
approach nearer than 3 ins. to the outside diameter of the 
corrugations. On account of the crowded steam space and large 
disengaging surface in this type of boiler the gage cocks are gen- 
erally placed but 3 ins. apart, and Sj ins. of water over the sur- 
face of the tubes is considered a sufficient amount for low water. 
Since the tube sheet almve the tubes does not come under the direct 
influence of the fire except in a very limited degree at the rear head, 
much greater tliicknesses of metal may be employed than in the 
cose of externallj' fired boilers. 

Two types of.tube sheets are used in vertical boilers, depending 
upon their location mth regard to the water level. Fig. 127 ahows 
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VERTICAL BOILERS 
Fin. 127. 



an immersed or sunken tul>e sheet at the right and one of the 
standard pattern at the left. With the inunerwed head there la 
much less difficulty in making the tubes tight, and at the same 
time the fife of the tubes and upper tube sheet is greatly pro- 
longed. The staying of the tapering section or "cone top" is so 
difficult, however, that this type of sheet is rarely attempted for 
boilers of more than 50 horse-power. 

Standard tube sheets in vertical boilers usually have their tubes 
arranged in parallel rows to facilitate cleaning, Fig. 128. It is 
good practice to leave one inch in the clear around each tube with 
the centers arranged on lines at right angles to one another. In 
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the shell just above the furnace, Qunierous small handholcs shoulc^ 
\x located through which the eedinient which collectB between th^^ 
tutjcs may lie removed. It is a good plan also to locate two-^ 
avenues or "streets" through the tubes, at right angles to one ^ 
another, L'ommunicatiug directly with four handholes in the shell. 
Such avenues should be 3 ms. wide in the clear. They are iise/ul 
in cleaning and repair jobs, and permit the feed pipe to enter to the 
center of the boiler. The margin of plate outside of the tubes 
should be from 10 to 14 ins. wide for straight shell boilers and 
from 3 to 4 ins. wide for the Manning and taper course types. 
The boundary of the tube area should leave this margin as uni- 
form as possible in order that a good degree of flexibility may be 
secured in the tube sheet, 

In order to obtain the maximum amount of heating surface for 
a given boiler diameter, the tube sheets of locomotivo-type boilers 
are usually arranged with diagonal rows as shown in I-'ig. 125, 
page 224, It is also possible in this manner to approximate more 
closely the tube sheet outline than when vertical audhorizontal rows 
are uaed. In order to avoid stays within the tube area it is neces- 
sary that the latter shall approach the outline of the tube sheet with 
considerable regularity. Fig. 129 shows the design of a locomotive 
boiler tube sheet. The curvature of the furnace roof is generally 
assumed after the tubes are placed. It is thus made to fit thrar 
outline with fair uniformity. Since the furnace roof and adjacent 
tube sheet are heated by the fire to approximately the same degree, 
the tubes may approach the tube sheet flange to the closest possible 
proximity, provided a suitable amount of flat plate be secured for 
beading purposes. On the other hand the proximity of the tubes 
to the outer shell of the boiler must be limited by a margin of at 
least 3 ins. The hot tubes will expand to a far greater dcBree than 
the cool shell and sufficient flexibiUty must \k secured in the smoke- 
box tube sheet for this purpose. As in previous horizontal boilers, 
when possible, a central circulation space from 2 ins. to 2J ins. in 
width is desirable. To facilitate cleaning, a handhole of standard 
dimensions must bo located low down in the smoke box tube sheet. 
The proximity of the tubes to the handhole must not encroach 
upon the room necessary for the gasket. A minimum distance in 
the clear of J in. must Ih? secured between the tubes both in a 
vertical and diagonal direction in order to provide the necessaj? 
room for circulation. 
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67. Final Ratios. — The relations between the heating sur- 
face, fiiuoke aud grate areas, and the steam and water volumes 
are generally noted in the specifications for a given design. They 
should be cakulated after a final arrangement of the tubes has been 
made and accepted, so that they will represent actual conditions 
in the finished design. The following designations are used in 
expressing the ratios: 

II = the total heating surface in contact with the fire. 

G = area of the grate as finally adopted, 

C = calorific or smoke area consisting of the total internal 

transverse area of the tubes, 
S = the volume of steam included between the shell and a 
horizontal line through the position of the central 
gage cock as finally determined, 
W = net water volume in the boiler below the line of Vj^M 
central gage cock, ^H 

H.P. = rated horse-power of boiler. ^| 

p ranges from 35 to 45 in fire tulie l>oilers, 37 t)eing a good work- 
ing value, vi?' '^ previously cited, should lie between ^ and J for 

most types of cylindrical boilers. ?j varies from 4 to | , the former 

for a short direct circuit of the gases and the latter for furnaces 

where more efficient heat absorption is sought. „ - may fall as 

low as 0.6 but 0.7 is a better limit where possible. 

In addition to the above, various other ratios are frequently 

specified. The heating surface per horse-power or q-p- is a relation 

upon which the capacity of the boiler is often based. The rela- 
tive value of heating surface in the different types of steam 
generators has been the subject of much discussion. Wlule ex- 
ternally fired boilers are generally provided with from 10 to 12 
sq. ft. of heating surface per horse-power the latter figures are 
rarely reached with internally fired boilers. Without doubt the 
heating surface of furnace lubes and combustion chambers is from 
three to four times as efficient as that of smoke tubes and shells. 
Wherefore, Scotch Iwilers rarely exhibit more than 8 sq. ft. of heat- 
ing surface per horse-power, With proper design and handling the 
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latter figure is sufficient for a satisfactory boiler performance. In 

computing heating surface, the actual surface against which the 

fire strikes should be reckoned and not the surface in contact with 

the water. In the case of fire tubes this makes a considerable 

difference. 

The ratio of the uptake area to that of the grate is usually made 

J. With tight connections and tall stacks this figure can be greatly 

reduced. 

Some boiler makers specify the ratio of horse-power to grate 

H P 
surface or — tt"* With an evaporation of 9 lbs. of water per pound 

of dry coal and combustion at the rate of 20 lbs. per sq. ft. of grate 
surface per hour, 1 sq. ft. of grate surface will develop about 5J 
H.P. This value is directly dependent upon the relation of the 
ratios given above. 
Since 

H.P. X 34.5 = total water 

rl.A . X «54.o X X 1 1 
= total coal 



or 



Then 



H.P. X 34.5 ^ . 

——-—-.- = grate surface. 

H.P. 180 



G 34.5 
= 5.22. 

To the above ratios should be adde<l that of the disengaging 
surface per horse-power as explained under Fig. 119, page 21(5. 

68. Sta]ring. — One of the most important items in the design 
of any pressure vessel is the provision made for the rigidity of flat 
surfaces. In horizontal cylindrical lK>ilers the upper portion of 
the tube sheet constitutors a surface of this class an<i great care 
must be exercised to insure its strength and dunibility. 

It is assumed that all the upp<rr portion of the tul>e sheet in- 
cluded between a horizontal line one-fourth the tul>e diameter 
above the center of the top n>w of tulxfs and a circle drawn where 
the tube sheet flange lx*gin.-> is flexible plaUt and provision must 
be made for its support. The determination of this area is 
shown in Fig. 130. When the stability of other portioas of the 
tube sheet is in quc^stion the sann; metho<l rnay \)e used to deter- 
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mine its boundaries The beading of tubes b a source of consiJ^' 
able strength in their staj ing power, but it is an open question ^ 
to how far from their centers such rigidity extends. The above ^^ 
sumption is considered a cons^^'"' 
vative estimate of tbeir holdir^* 
power. The method just on *" 
lined is believed to be applicf-' 
ble to all sheet flanges having a *^ 
internal radius of not over 3 in;^ 
Two methods of staying ar^^ 
in practical use: 

(a) Through Rods. 

(b) Diagonal Braces. 
Most of the calculations for 

the latter form are covered by 
the discussion of the former type, hence through rods will be 
taken up first. 

(a) Through Rods. — Three limits will be assumed in placing 
stay rivets so that a reasonable degree of flexibility in the head 
shall be secured. 

(!) No rivet .^kall be less than 3 ins. from top of lubes or shell. 

(2) No rivet shall be less than 2\ ins. from a neighboring rivet. 

(3) No through stay rod shall be less than 6 ins. from the shell. 
These limits should be regarded as prime essentials throughout the 
design. 

The procedure in <lesigning through stays should be carried out 
according to the following order; 

/. Maximum spacing as regards plate. 
II. Maximum spacing as regards rivets. 

III. Arrangement of channels or angles. 

IV. Arrangement of rods. 

V. Final test for fibre stress in channels or angles. 
I. Plate Spacing. — In expression (09), page 78, is given Grashof's 
fonnula for the maximum pitching of rivets or stay bolts spaced 
on squares when considered from the standpoint of the stress in 
the plate. It is necessary in stayed surfaces of this character not 
only to prevent the rupture of the plate but to keep the deflection 
small as well, hence a factor of safety of not less than ten should be 
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^^ployed. Taking the modulus of rupture of the flat steel plate as 
^ual to its tensile strength the working fibre stn*ss permissible for 
use in Grashofs formula would be 5500 lbs. jkt sq. in. Proceeding 
upon this basis the following table of maximum pitohings for vari- 
ous plate thicknesses and pressures has been computed: 



-.V 



TABLE XXXIX. 

MAXIMUM SPACING 

Of Stayed Points on Squares. — Ins. 

Derived from Grashofs Formula. 



****** thick 
Ina. 



Workins Premure. Lbs. per ah. in. 



i 

t 
t 

I' 



1 



so 



100 



5.56 

6.d5 

8.34 

9.73 

11.13 

12.51 

13.91 

15.30 

16.60 

18.08 

19.47 

20.86 

22.25 



4.54 

5.68 

6.81 

7.95 

9. OS 

10.22 

11.36 

12.49 

13.63 

14.70 

15.90 

17. a3 

18.17 



3.93 
4.92 
5 90 
' fi.&S 
I 7.87 
' 8.85 

I 9.83 
10. S2 

II SO 
12. 7S 
13 77 
14.75 
1 5 . 73 



! r 



125 



3.52 

4.40 

5.2S 

fi.lO 

7.01 

7.01 

8.80 

9.07 

10.50 

11.43 

12 31 

13 . 19 

14 07 



150 

3.21 
4.01 
4 S2 
5.02 
(i 42 
7 22 

8.o:i 

8.83 
9 . (13 
10.14 
11.24 
12.04 
12. S.-) 



I 

I : 



17.) 

2.97 
3.72 
4.40 
5 20 
5 . 9.') 
6.(»9 
7 43 
8.17 
8.92 
9.0<) 

10 41 
11.15 

11 SO 



200 



I 
I 



225 



250 



2.7S 

3 4S 
4.17 

4 87 
.5 . 5<> 
() 2t) 
(•) 95 
7.O.") 
S . 84 
9 (U 
9 73 

10.43 
11.13 



2.02 
3 2S 
3 93 
4.59 
5.24 

0.55 
7.21 
7.87 
S.52 
9 1>^ 
9 S3 
10 49 



I 



2.49 
3.11 

3 73 

4 35 
4.98 

5 60 

6 22 
0.84 
7.40 

8 09 
8.71 
9.33 

9 95 



Having recorded the maximum p(Tmissi!)l<* pitching for the 
•'Sickness of tube sheet and steam pressure in the case at hand the 
^cond feature may be taken up. 

Jl. Rivet Strength. — From thc» nature of th«* stresses in the 
l^^ad of a boiler and the severe (effects of expansion an<l contraction 
^^ is evident that stay rivet material must h<' of the softest and 
^^Ughest kind. Either wrought iron or very soft steel i.s use<l for 
this purpose. Taking thc^ t<;iisil<* .strength from 45,CXK) to 55,000 
^bs. per sq. in. and a factor of .safety of 8, a working fibre stress 
ft = 6000 lbs. per s^i- in. may Ikj u.se<l. 

Let 



6 
d 

V 
Si 



side of the .sriuare which the rivet will supp<jrt, 

driven diameter of stay rivet, 

working pres.su re in the boiler, 

working teitsile strength of rivet material, 
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6^ = 



-v/(f)^^ 



dJ,J, 



(130) 

With the above value for rivet strength Tabic XL has been 
calculated, giving the side of square and the allowable area of 
plate wliich may be alloted to each stay rivet with various shank 
diameters and boiler pressures. 

Having chosen a tentative rivet diameter the .corresponding 
quantities from the above table should be recorded before proceed- 
ing to the third step in the design. 

///. Arrangement of Girders. — When using through stay rods, 
channels or angles are riveted more or less intimately to the tube 
sheets above the tubes. The stay rods with nuts upon their 
external ends support the girders which these channels constitute, 
and bind the heads of the boiler together. Check nuts half as 
thick, as standard ones are used on the inside to preserve staunch- 
ness and prevent leakage around the rod ends. A thin copper 
gasket is generally calked under the external stay rod nut for the 
same purpose. 

Fig. 131 illustrates the general procedure in staying the flat head 
of a horizontal cylindrical boiler with through rods. It is always 
desirable to have the distances A and B between successive hori- 
zontal rows of rivets as nearly equal as possible. This secures 
uniform deflections and fairly flat surfaces against which the stay 
rod nuts may rest. The distance from the upper row of rivets to 
the top of the flange curve must be mode considerably larger than 
the spaces between rows in order to keep the stay rods back the 
required distance from the shell. The diameter of the boiler will 
determine roughly whether one, two or three girders shall be used 
in the upper part of the tube sheet. In horizontal cylindrical 
boilers from 48 to 72 ins. in diameter two girders are entirely 
adequate. In boilers of the Scotch tj-pe there is sometimes a 
necessity of using three girders. 

Having made a tentative vertical division with A = B, Fig. 131, 
and a reasonable allowance extra at the top, a channel of suitable 
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size should be selected from the following table. Next the iH)ssi- 
bility of driving between the channel flanges two rivi»ts of th(^ 
chosen diameter, when placed A inches apart, should he deter- 
mined. Table XLI gives all the usual standard rollings of channels 
suitable for this purpose. It may he assumed that riv(»ts can he 
driven satisfactorily so long as their heads rest on tlie flat web 
"^ide of the channel. 

When it is very desirable to keep the rivets as far apart as i)ossi- 

^^ the rivet heads, taken as 2 rf in diameter, may Im» allowed to 

^iicroach a little upon the fillets, the miniumni distance from the 

^nge being \ in. as shown in Fig. 132. In any event tin* rivets 

should be spread as far apart iis possibh* so ils to load the stiff 

^nges rather than the web. In .spite of these pn>e:iutions ^1 is 

^ften found to be less than B, A slight hu'ciuality is i)ermissible, 

"Ut if too great, a channel may be )>uilt up more nearly U) suit 

^"^ requirements of the case from some of the? angles listed in I'ables 

'^f-II and XLIII. While it is l>est to place the angles louehing 

^^h other so as to present a gf>o<l seat for the eheek nutn, >ome- 

^'Oies a much better rivet arrangement may l>e w;eured by j-paeing 

^'^^ma small distance apart. The distanec; l>etwe(;n them .should 

'^^t exceed I in. Tables XLI I and XLIII give all the j-tandard 

'filings of angles suitable for us^r in Ixnler and tank r.tayifjjf. Sin''*- 

^^Tosion is liable to remove ,'^ in. from the -ijrfa^-'- of '.w\\ int<f fjal 

'^^^mbersof a boiler, it Ls not \:\m'. to Ur" ancle or 'hann'l t hi'k/j' - •*• • 

'^^^s than I in. Angles an; rolled wit hoiit -!of)ifJt;-i'l'-, thrj- -'•'• ^r.-if 

* ^cxxiseat for the check nut- and obvi/itin;; th'- 'i-i-of '\h-''\:i\ v.:-.-'..- 

^'^^ Care mast lie taken that th<- riv^t head- do .•.',? < :/ /'tj* r. *^^, 

^^ uponthefillet.«a.«in the^ar^-of 'f.-'ifjij'!-. Vati'f. yjii.".. .'7- 

^^ angles and channel? mav I/- :*, i:.fi ',.' ff,:,-'.i\U!rj v.* f. ./.',■ /V/i^ • 

^^ ^teel companies. Su'-h -/•'•*!'.;.- r.' :.',* .j,'];'i«/; .•. *:j * .-./ ■ 

^V. Arrangemenl f'f li'/f . I:. '/:•:'■' *:. :• ■: ui--.'.. .•;... '.•.''■ *' • 

^iler for in.«pection it i- :.'-''-- i.'v V. -• *'.-.', rj\ -■•, rv. / ' 

^^ St 16 ins. apart on '•'-:.•'■:- .:.':*■: *r.' :..:'..:.',.' -. ■/'..'.'/ '.';..■ 

^^uirement forbid- rij-. ^-' '/ *'.:'.. -j-. 'v: .:. /,..•• '/• 

^^^^meter unless bm^*-*: ^sj/fi:" 

^lore than two ffViV ;vj- ::■ - r^ .■*-. r/.-. "• .•.-/•. 
^^«:?ept in boilen; of v«-r. ^av' • 

^c general asac*: Vy '•::.:.'. 

^^Wral rod as far '^/y- ••■ v 

^'Vie case, does nor -*:.-.., • 
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TABLE XLI. 
a 




Fig. 132. 



PROPERTIES OF 
STANDARD STRUCTURAL AND SHIP BUILDING CHANNELS 

for use in Boiler Staying. 



a 

Width 
of chan- 
nel. 



Ins. 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

8 
8 
8 
8 
8 
8 
8 
8 
8 



Height 
of flange. 



Ins. 

1 920 
2.038 
2.160 
2.283 
2.563 
2.813 
3.063 
3.500 
3.560 
3.J685 

2.090 
2.198 
2.303 
2.408 
2.513 
3.313 
3 . 350 
3.438 
3 . 450 
3.500 
3.550 

2.260 
2.347 
2.439 
2.530 
2.622 
3.415 
3.500 
3.550 
3.600 



Thickness 

of flange 

at top. 



Ins. 

0.200 
0.200 
0.200 
0.200 
0.303 
0.280 
0.280 
0.340 
0.460 
0.460 

0.210 
0.210 
0.210 
0.210 
0.210 
0.375 
0.375 
0.375 
0.475 
0.475 
0.475 

0.220 
0.220 
0.220 
0.220 
0.220 
0.475 
0.475 
0.475 
0.475 



ei 




m 


an 


/c.o. 


Thickness 


Radius 


Thick- 


Dis- 


Inch 


of flange 


of fillet. 


ness of 


tance 


units. 


at bottom. 




web. 


toC. G. 




Ins. 


Ins. 


Ins. 


Ins. 




0.487 


0.30 


0.200 


0.52 


0.70 


0.487 


0.30 


0.318 


0.50 


0.88 


0.487 


0.30 


0.440 


0.52 


1.10 


0.487 


0.30 


0.563 


0.55 


1.30 


0.488 


0.34 


0.313 


0.74 


2.10 


0.500 


0.50 


0.313 


0.81 


2.60 


0.500 


0.50 


0.563 


0.80 


3.50 


0.410 


0.25 


0.350 


1.08 


5.20 


0.530 


0.25 


0.410 


1.18 


6.80 


0.530 


0.25 


0.535 


1.16 


7.80 


0.523 


0.31 


0.210 


0.55 


0.98 


0.523 


0.31 


0.318 


0.53 


1.2 


0.523 


0.31 


0.423 


0.54 


1.4 


0.523 


0.31 


0.528 


0.56 


1.6 


0.523 


0.31 


0.633 


0.58 


1.9 


0.425 


0.35 


0.313 


1.01 


4.8 


0.425 


0.35 


0.350 


0.99 


5.1 


0.425 


0.35 


0.438 


0.96 


5.7 


0.525 


0.35 


0.450 


1.05 


6.7 


0.525 


0.35 


0.500 


1.05 


7.1 


0.525 


0.35 


0.550 


1.04 


7.5 


0.560 


0.32 


0.220 


0.58 


1.3 


0.560 


0.32 


0.307 


0.56 


1.6 


0.560 


0.32 


0.399 


0.56 


1.8 


0.560 


0.32 


0.490 


0.57 


2.0 


0.560 


0.32 


0.582 


0.59 


2.3 


0.525 


0.35 


0.415 


0.99 


6.9 


0.525 


0.35 


0.500 


0.99 


7.4 


0.525 


0.35 


0.550 


0.98 


7.8 


0.525 


0.35 


0.600 


0.98 


8.2 



/c.o. 

6-1, 

Inch 

units. 



I 



0.50 
0.57 
0.65 
0.74 
1.10 
1.30 
1.60 
2.10 
2.90 
3.10 

0.63 

0.71 

0.79 

0.87 

0.96 

2.1 

2.2 

2.3 

2.8 

2.9 

3.0 

0.79 

0.87 

0.95 

1.0 

1.1 

2.9 

3.0 

3.0 

3.1 



WeigM 
per foot. 



9.75 

12.25 

14.75 

17.25 

19.75 

15.6 

16.5 

18.6 

20.9 

22.1 

23.3 

11.35 

13.75 

16.25 

18.75 

21.25 

21.5 

23.8 

25.2 

26.5 
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PROPERTIES OP STANDARD STRUCTURAL ANGLES 

for 11M in Boiler Sujing. 

Equal legs. 





aXb 


J 




II 








•^tonrioMot 




Riditual 


DiaUnn to 


/0.0, 




W.iihl tm 


^ 


•art- 
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m 


4 9 


3x3 


p 




0,87 
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0.71 
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3X3 
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1 8 


0.K3 


7 2 


3X3 
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95 


8 3 
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1 1 


9 4 
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0,98 


7 2 
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1.01 


2 1) 
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8-fi 


1 


X3| 
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I 04 
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1 3 


9 8 












1.06 


■id 


l-'f 


11 1 




X3i 


t- 
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1,0 


1 '1 


12,4 


3 


xai 






1.10 


< 3 


l.« 


13 «1 


4X4 


p 






I 12 


3 7 


J 3 


8 2 


4X4 






1 14 


4 4 


1 7, 


9 8 


4X4 


P 






1 10 
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1 8 


II 3 


4X4 






I.I8 


5 G 
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12 8 


4X4 








1.21 


fl 1 
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4X4 








1.23 


07 


2 4 
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4X4 








1 25 


72 
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2 4 
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1 94 
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3 S 
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1 71 
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PROPERTIES OF STAITDARD STRUCTURAL AnGLBS 

(or use ia Boiler ^Uyint;. 
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3X2 


i 


l\ 


0.60 


0.74 


0.G6 


91 


12 


0.56 


■* J 


3X2 


I' 


A 


0.08 


o.no 


0C8 


0.93 


1.4 


069 


S-! 


3X2 




rt 


0.71 


1.0 


0.71 


06 


1.7 


0.81 


" ! 


3X2 


i. 


■«. 


73 


1.2 


73 


0.98 


1 9 


093 


7.8 


3 X2) 


i 


A 


61 


78 


0.41 


Ml 


1.8 


075 


4.i 


3 X2i 


t 


li 


o.w 


0.94 


0.50 


1-14 


22 


0.93 


"-! 


3 X2} 


ft 


0.66 


1 i 


0.59 


I 16 


2.6 


1.1 


'■-', 


3 X2i 


f- 


06(j 


1.2 


O.QS 
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2 9 




S-3 
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72 
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23 


096 


o.i 
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S3 
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3.S 




11 ■* 


4X3 


t 
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juree two rods only need be employed upon the lower row. 
^»ie channels thus riveted antl siipixirted mtiy be considered to 
"^i^stitute uniformly loaded continuous girders extending across 
'•iG |)oi]er heads. They are supported at four or more points. 
^o? stiff flange at the sides forms the outer pair of supports and 
•^"^Usequently the girder should Ije made long enough to reach as 
'*f toward the shell as the fiat portion of the head will permit, 
^he stay roils with their cheek nuts constitute the remaining 
Supports. 

Having assumed the center space 16 ins. on the upper row. the 
outer spans of this continuous girder may be measured from the 
drawing. The lower stay rods are spaced symmetrically, the dia- 
Iftnce between them varj^ing from 14 ins. to 20 ins., depending 
Upon the pressure and amount of phite to be stayed. With three 
tods on the lower row the spacing rarely exceeds 16 ins. The four 
spans on the lower continuous girder may, therefore, be deter- 
mined from the drawing. The calculation of the supporting forces 
and bending moments of a continuous girder is somewhat complex, 
involving an extended application of the beam theory. The three 
assumptions that the supports are in line, that the girder is of 
uniform section throughout and that the load is uniformly dis- 
tributed, so simplifies the matter that plots [ike the accompanying 
ones, Figs. 135 and 130, can easily be constructed from which may 
Ik read the desired quantities. 

In the plot of the four-support girder, Fig. 135, the central span 
y is taken as a variable, passing in value from to £<. It b easily 

jMen that the ratioy-as fixed by the particular problem at hand 

^enables the values of Si, Sj, S, and Si to be determined in terms 
w the load per unit of length and L the total length of the girder. 
The assumption that the supports are in Une brings about the 

'condition that, with large values of y, the outer supporting forces 



■0.57 the outer ends of the girder have t<i he held down in order to 
Bep the auppofM in line. If they arc not held down the girder 
Decomes a simple overhung lieam resting on two supports. It 

irin be noted that, for | = 0,57, the value of S^ = .Si is ^ which 

taturally follows. 
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In the plot for a five-support girder, Fig. 136, the sum of the two 
equal central spans ia made the variable. Here for a value of 



able condition in stay rods. This same condition may be expressed 
by saying that when each of the equal central span:; is 27,7 per 
cent of the girder length, the values of Ss, Sj and St are equal. 

Again it will be noted that for values of y greater than 0.74 

the outer supporting forces, Si = St, become negative. Also for 

J = 0.326 the central supporting force St becomes zero and for atl 

greater values of y the center of the girder must be held down id 

order to keep the supports in line. If the center is not held 
down the case reverts to the previous one, a four-support girder 
with central span y. To confirm this, it will be noted that 
J = 0.33 the values on the four-support girder, S, = S», are 

same as Sj = iS* on the five-support girder, namely, 0.36 v)L. 

The distributed load w, to be used per unit of length, is that 
which naturally belongs to the girder in question. It is found as 
indicated in Fig. 131. Lines mn and pq are drawn midway l)etween 
rows of rivets to indicate the Iwundariea of plate supported. The 
height of this area multiplied by the working prcs.sure per scjuare 
inch as represented by the shaded rectangle gives the load per 
unit of length on the lower girder. 

In the case of the upper girder the division of load between tl 
top row of rivets and the shell is determined by the method 
cated in Fig. 137. A series of lines should be drawn forming equal 
angles with the upper rivet row and a tangent to the shell. By 
pricking off halfway from the rivet line to the shell along these 
mean radiala, a curved load line st, Fig. 131, is determined. 
varying load is approximated by the horizontal line uv and 
shaded load rectangle ia found as before. 

Many cases occur where it is desirable to divide a loaded area 
between straight and curved lines. An easy method for doing 
this is shown in Fig. 137. In staying problems when it is desired 
to allot an unsupported area aps between a row of stay riveta 
and the shell, the following method is believed to give a fair nil 
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division. Let ab represent the straight line, the curve being the 
upper arc of the circle. A series of lines oc, od, oe and of will form, 
respectively, equal angles with the chord ab and a tangent at their 
points of intersection with the arc. If a series of points ghij be 
pricked off halfway between the chord and arc, the locus gk will 




METMOD OF DRAWING 

MEAN RADIALS 
Fig. 137. 

divide the area fairly between the straight and curved lines. The 
lines oc, od, oe and of are called mean radials to the chord and arc. 
Referring to Fig. 137, the proof of their relation to the tangents 
is as follows: 

Drawing the dotted construction lines as shown, 

Angle B' = Angle i4' 
since triangle mns is isosceles. 

But Angle A = Angle A' 

and Angle B = Angle B' 

since their sides are mutually perpendicular. 

Hence Angle A = Angle B. 

Q.E.D. 

Lines similar to on then, forming equal angles with the chord 

and tangent, are fair ones on which to lay oflF the dividing line gk. 

Having determined the several loads the diameter of the stay 
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rods should next be found. It is not customary in boiler practice 
to use stay rods of different diameters in the same boiler. Hence 
the largest supporting force should be selected and the shank 
diameter of all the through rods based upon it. Stay rods are 
always upset at the threaded end so that the diameter at the root 
of the thread is substantially greater than at the shank. Table 
XLIV accompanied by Fig. 138 gives the usual proportions of 

TABLE XLIV. 




DETAIL OF ThROUGM ROD 
Fig. 138. 

PROPORTIONS OF UPSET STAY RODS. 
Rods finished as below are stronger at the thread root than at the shank. 

Tensile strength = 55,000 lbs. per sq. in. Factory of safety = 7. 
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f rods and the loads wliich they will sugtain. The latter 

I upon a tensile strength of 55,UU() lbs. per sq. in. with a 

factor of safetj' of seven. As soon as the rod loads are determined 

the size can be selected directly from Table XLIV by inspection. 

Before accepting a shank diameter it is well to be sure that eorro- 

Krivon to the depth of I'g in. over the rod surface will not render it 

HSiable to be strained Iteyond the elastic limit at the test pressure. 

■ V. Final Test for Fibre Stress in Channels or Angles. — Having 

drawn I he stay rotls in position with standard nuts upon their ends, 

Fig. 131, it next remains to space the rivets along their respective 

I rows. Since the locality arumid the tiheck nuts possesses great 
bherent strength it would hardly be fair to space the rivets uni- 
iormly Ixitween stay rod centers. Hence a line xx' is drawn across 
«ach ehcck nut at a distance from its center equal to one-half the 
long radius of the hexagon and the unsupported plat« is supposed to 
t>egin at this point. The rivets are then spaced equally between 
the lines xx', as shown. In onlcr to insure as flat plate as possible 
ioT the nuts to rest against, four rivets must always be placed 
iOnninetrieally around each stay rod. An additional rivet on each 
row is then spaced in when necessary halfway between the above 
mentioned rivets anti the tlange curve. With very high pressures 
two rivets may be needed. The manner of determining the load 
upon each rivet is indicated by the shaded areas in Fig. 131. In 
general, a line is drawn halfway between each rivet and its nat- 
ural neighbor. The areas of the figures thus determined, when 
Pmiiltiphed by the working pressure, give the loads sustained by 
rivets. In no case should these areas exceed that given in 
ale XL for the rivet and pressure at hand. • 

'he determination of the areas supported by the rivets near the 
flange curve is attended with some question but the method out- 
lined in Fig. 139 appears to be a fair one. When a series of riveta 
nJK are irregularly arranged in proximity to a stiff curve st the 
t centers should first lie connected by the struight lines shown 
d the pergendiculars fy, hi, etc., erected at thdr eenlra! point«. 
s lines fonn the Iwuiidarics of the areas in n mdial direction. 
■een the rivets and the circumference, tlic dtjtted line jk is ao 
a as to form tin- locus of poinl« cKjuidifllant from the sucvi«sive 
t centers and the utifT line nl. That in, ho e<|uals om and bp 
Such a line, therefore, together with the pi-rpciidicu- 
if fcnu the boundaiy of the nhaded arejt xupporte*! by the rivet 
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DETERMINATION 



b. This principle is applicable to nmuy other eases where the loa** 
sustained by stays is in question. The method was employed if* 
Fig, 131 and the value of the results is there plainly evident - 
When the resulting figured 
arc quadrilaterals of soni^ 
regularity, the areas may 
he found approximately by 
ihrect measurement. When 
veiy irregular, a planiinetcr 
may be required to gain a 
fair value of their extent. 

It is found from the theoo' 
of continuous girders that the 
maximum bending moment 
usually occurs over a sup- 
port, while that in the spans 
is much less iji amount. 
With cheek nuts and stiff 
plate iviiiforced by the chan- 
nel itself, the bending mo- 
CT LOADS ments at the supjxjrted points 

Fio. 138. in the continuous Orders at 

hand are largely eliminated 
and those in the spans become the more important ones. 
Also the fact that the supports may not be in line, due to differ- 
ences of expansion in the rods and shell, tends seriously to dis- 
arrange the theoretical calculation of the bending moments. 
Hence at this point in the design the continuous girder assumption 
is dismissed and a conservative check cAlculation made, consider- 
ing the channels l>etween stay rods as beams merely supported at | 
the enils and subjected to loads concentrated at the various points 
where the rivets take hold. The approximate length of beam 
shown in Fig. 131 is assumed and, from the area of plate which i 
each rivet supportsj the concentrated loads are calculated. The 
reaches of channel from stay rods to shell are rarely overstrained. 
With the same channel used throughout in the staying, the most 
severely loaded \xam should Vie selected and calcidated for fibre I 
stress. The working modulus of rupture of the angles or chan- | 
nels in this calculation should not exceed 14,00(1 lbs. [kt sq. in. o 
the compression side, indicating a factor of safety uf approximate!; 
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'our. The tDaxImum beading moment divided by this quantity 
pves ttie section modulus which may be couipared directly with 
"'<-■ values ^ven in Tables XLl, XLII and XLIII. 

The above procedure completes the usual calculation for girder 
^liiys and, if carefully pursued, will give a safe and satisfactory 
tlt-aign. 

(b) Diagonal Braces. — The design of diagonal stays is carried 
■i'lt in somewhat thf aame order as that followed for through rods. 
figs. 140, 141 and 142 show the three general types of diagonal 
**tays at present most used. The Scully brace is mode from one 
piece of soft steel pressed to shape in a forging machine, no welds 
'*<^ing allowed. For general use the sizes given io Table XLV 
^'e obtainable, 



I 



TABLE XLV, 
PROPORTIONS OP SCULLY BOILER BRACES. 



Di.m. of 1»dy 


SiH of hB»I end. 


8i>eat.hBll.pd. 


Amcrfbodr 


n 

■A 

u 


6!X2ixA 

6IX21X! 
6iX21Xi 


8IX31XA 
S|X3tXi 
SlXSiXA 


0.994 
1.108 
1.227 



The Huston brace is made of folded weldless steel plate. At its 
**-ead end it is well reinforced by wide fillets and at its shell end by 
*^ised ribs along the sides. The thickness of metal from which 
* liis brace is made ranges from | in. to J in., depending upon the 
Pressure in the Ixwler in which it is used. The lengths range from 
^ ins, to 78 ins. iucluaive by increments of 6 ins. 

The McGregor brace is also made of folded metal but differs 
from the preceding one in the formation of its head. The latter 
*s split and bent to a T-shape. Weldless material, varying in 
thickness from I to | in., is used throughout. The shank areaa 

rs as foUowR: 
For I in. thickness, 1.13 sq. ins. 
For -^1 in. thickness, 1.31 sq. ina. 
For i in. thickness, 1,6.3 sq. ins. 
The lengths are the same as for the Huston i^race. 
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SCULLY BRACE 
FlQ. 140. 
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HUSTON BRACE 



Fig. 141. 







MCQREOOR BRACE 



Fig. 142. 
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W All the above diagonal stays are designed to seat two j iu. rivets 

■ 6pawd 4 ins. apart at both ends and are supposed to contain 

■ enough mat«rial in tbeir shanks to sustain the niiixinium rivet 
= M^ Wds w-ith a factor of safety of seven or fight. It is evident that 

V the brace tension will increase with the slope of tlie stay. The 

■ shell angle is generally limited to 20 degrees with an extreme max- 

. . _:-■ inwni of 30 degrees. The <listance between the rivets at the shell 
Mill may be increased to 6 ins. if necessary when the brace b an- 
cbon-d to the rivets of a lougituihnal seam. In any event the 
fct rivet in the shell anchorage should conic as near the bend in 
thp brace as it can be driven so aa to remove as effectually as 
possible the t-endeney for the brace to straighten out under pres- 
sure, In general a rivet in the shell end of a brace should not come 
"^Wer than 3 ina. to a ring seam. Diagonal braces are furnished 
''>■ the manufacturers with the hea<l3 and shanks forged straight 
'^ in Figs. 140, 141 and 142. The head of the Huston brace is 
^^eii a slight angle by its metbotl of nianufuctiire. When ready 
'*'■ insertion in the boiler the brace is heated and forged to the 
^'act shape required. The holes, previously drilled in the boiler 
"'^d and shell, are then "stribed" through upon the brace and 
^•^Urately located bo as to secure as snug a fit as possible. 

•^ig. 143 shows the method of arranging diagonal braces in the 

Pper portion of the tube sheet of a horizontal cyhndrical boiler. 

^<i spacing of the braces must be such as to load the rivets as 

^*^lly as possible. Since this form of staying is of itself some- 

^t more flexible than through rods, the limiting conditions to | 
^<^Ure flexibility need not be so severe. The following limits 
**<iiild be observed: 
Cl) No rivet nhoU be less than 3 ina. from the shell. 
C2) No rivet thail be less than 2j ins. from a neighboring rivH or 
the top of tubes. 
.^ (3) No stay rod head shall he lets than 5 ins. from the shdl. ^ 
**c foUowing is the method of pnwcdure; 
/. Maximum spacing wi regard* plate. 
II. Maximum tp^tcing lu reyitrds rivet, 
ill. Arrangement of braces. 
IV. Test fiir temdon in braecs. 
V. Test for stresses iii aiuhar riveis. 
I and n are <nirTiiid out t>y tnlHilar refcreoce as deacribcd % 
^^tXiugb rode, and fono the baaiM of tbe vrucemeot of Um t 
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III. Arrangement of Braces. — Having determined the area of 
plate to be stayed, as in the previous case, an estimate may be made 
<i! the number of layers or zones of brakes required. To do thb 
divide the total height of the segment to be stayed by the maxi- 
mum sheet spacing as denoted by Table XXXIX, The next 
integer above the quotient obtained will indicate the numlier of 
Mnea in the staying. Thus suppose the maximmu sheet spacing 
from Table XXXIX to be 5.40 ins. Then, if the height of the 
sf^ment to be stayed is 18 ins., there will be four zones and three 
layers of braces will be required. Hence the height of the seg- 
"lent should be divided graphioally into four concentric zones as 
"idicated in Fig. 143. These lines indicate the circular rows of 
''race rivets. Had only two layers of braces been needed the 
"^■gnient would have been divided into three concentric zones. 
'^'f^onul staj-s should next be spaced along the several circles 
^^"ith a uniform distance of 4 ins. between rivets. This is a desir- 
•'•jle arrangement since it gives uniform loads on all the rivets. 
■r"he method, however, can rarely lie carried out as directly as the 

'*'t)ove would indicate, inasmuch as the procedure is liable to result 
p* ail irregular boundary line km for the lower rivet centers. This 
*»ie should be approximately straight, and by varying the dis- 
*-*iiice from brace to brace this condition can be secureil. The 
**l)aciiig of the braces in each zone, however, must be entirely 
J^niform. The manner in which the area supported by each rivet 
>« determined is clearly indicated in Fig. 143. It is sometimes 
<lesirable to employ the method of loci shown in Fig. 130, page 248, 
to determine the lower rivet loads. In order to Iwarittt load In 
the most advantageous manner possible, each brace should reach 
l}ack radially to the shell for aup|x>rt. Care must be taken that 
the braces do not thus conflict, A slight (Icviatioii from the radial 
position is permissible where braccn are of noceanity anchoretl to 
the rivets of longitudinal seams. The nuHi of l\u: variouit rivet 
zones and the ehordal distances IfCtwoen rivet centers should \n: 
indicated to the nearest i', in<'li. 

IV. Test for Tension in Braces. - HaviuK found a Matiafoctory 
maximum lua<l for Rich brwre should Im; determined. 
ices slope the tension in tlir: Ixnly will lie much grmtcr 
>e sheet load, increafliriK with tiw nhcll anicle. It » not 
I analyite the strcm (or eJM-h bm«e eootaincd io tfas 

With a little care the hnux under the MvereM eooditfoii* 
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of loading may be selected and its analysis made to serve as a limit 
for nli the other braces used. Graphical methods arc the easiest 
to employ in thif connection. A factor of safety of seven or eight 
should be secureti on a basis of 60,000 lbs. per sq. in. ultimate 
tensile strength. 

V. TeslfoT SlTesses in Anchor Rivcls. — The rivets which aocfaor 
the brace to the shell and head should l>e calculated graphically 
for tension, shearing and bearing pressure, and large factors of 
safety secured in order to avoid excessive local 8tres.ses, No 
anchor rivet should approach within 3 ins. of the ring seam 
pitch line. When a brace must of necessity be anchored to a longi- 
tudinal eeam, the rivets in the anchor pad should be made to con- 
form in their spacing with those selected for the purpose iu the joint. 

Staying at Botlum of Tube Sheet. — When a manhole is employed 
in the front head of a honzoutal boiler and the retiuisito number 
of tubes are omitted for its insertion, there is left a considerable 
area of unstayed plate in the rear tube sheet, Careful provision 
must be made for supporting this area, the location of which pro- 
hibits the use of lai^e masses of metal. It is impossible to rivet 
channels or stiffeners of any kuid directly to the tube sheet, since 
the combined thickness of metal would cause overheating and 
consequent burning. Fig. 144 shows a satisfactory method of 
arranging the stays at this point. To the rear tube sheet are 
riveted two heavy angles turned flange to flange and set off from 
the plate a minimum distance of 3 ins. by pipe thimbles or spacers 
inserted upon the rivets. The thimbles are simply 3 in. 
Icngtlis of one inch pipe cut with squared ends. Rivets H ui. in 
diameter are generally used for this purpose to insure staunchness. 
The angles are set far enough apart to permit the insertion be- 
tween them of a solid forged slay rod eye. The eye is made as 
wide as the diameter of the stay rod of which it is a part and is 
secureJy pinned to the angles. These stay rods reach to the front 
end of the boiler, spreading a little if necessary, pass through the 
tube sheet and are secin-e<I by nuts and check nuts. Their hori- 
zontal center line at the front tul« sheet should not be lower than 
that of the manhole opening. The slight amount of spreading 
necessary does not hinder making a tight joint at the front sheet, 
a soft copper gasket being calked under the nut for the purpose. 
The following calculations shoultl l)e miido to insure sufl^cient 
strength. 




STAYING BELOW TUBES 



HORIZONTAL BOILERS 

Fw. 141. 



256 



BOILERS AN"D PRESSURE VESSELS 



/. Maximum spacing as regards plale. 
II. Maximum spacing as regards rivH, 

III. Calculation of size of rod. 

IV. Calculation of eye. 
V. Caladalion of pin. 

VI. Calculation of angles. 

I and II. Plate and Rivet. — The first two of the above items 
arc found aa before by tabular reference and are the prime essen- 
tials in making the further calculations. 

///. Size of Rod. — The nrea of plate to be stayed is detennimKl 
aa before by assuming the flange and tube lines as boundsrips. 
The mean radial lines be and eh, Fig. 144, should next be drawn in 
Buch a position that each is approximately equal to the maximum 
allowable plate spacing, as taken from Table XXXIX. Theu tk 
plate outside of these lines is stiff enough to take care of itaelf while 
the portion between them must be stayed. Next divide the un- 
stayed area by planimeter or otherwise into two equal parts by the 
horizontal line fg. This is the center line of the rear stayiifl 
system. Assuming a width of eye varj-ing with the pressure in 
the boiler from !{ to If ins., lay out a tentative pair of angles 
from those given in the tables of standard sections. Four rivnts 
are generally employed on the upper line and six on the lower, iii 
order to reach the remote areas near the shell. The spacing on the 
lower line is generally somewhat greater than on the upper. From 
the temporary arrangement thus laid out, the actual rivet loads 
may be found by the principles described imder Fig. 139. The 
irregular line bounding the rivet areas is the locus of points equally 
distant from the stiff lines and rivet centers. The area wbiri 
each rivet supports should next be planimetered and the individunl 
rivet loads at the working pressure calculated. The total of ftli 
the rivet loads is the load upon the stay rods. The threaded ends 
of the stay rods are based upon the proportions pven in Tahle 
XLIV. From the data just calculated the size of rods may, there- 
fore, be ascertained. It Ls desirable that the width of the forgF<' 
eye shall be equal to or somewhat greater than the shank dimaeter 
of the rod. The width of eye should conform to the distant* 
between angles previously assumed- 

IV. Rod Eyes. — Without going into the theory of link eyes, 
it is a safe assumption, in cases of this character, to make 
the area on the section mn, Fig. 144. 50 per cent in excess of 
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iat employed in the rod shank itself. These proportions taken 
Into aceouDt with the pin diameter will give n tentative size of eye. 

V. Pins. — Taking the statical moments of the individual rivet 
s about the vertical center line of the boiler, the proper point 

for the attachment of the stay rods to the angles may be located. 
ir if an integrator is at hand the center of gravity of the aggregate 
ivet areas may be found mechanically. A pin having an assumed 
mameter a little less than that of the stay rod should be used to 
^mplete the fastening of the stays in place. The pin ehould be 
alculated as a beam supported at the ends and loaded with a 
rtributed load equal to the full stay rod load. With a suitable 
dulus of rupture, a factor of safety of 4 or 5 should be secured 
B the material forming the pin. The pin holes should be located 
s near the cent^er of gravity of the angles as possible. 

VI. Angtes. — The upper angle should be calculated as a beam 
supported at the pin centers and loaded at the rivet centers. 
The lower angle constitutes an overhung beam and the bending 

^.effect between the pin centers is generally of minor importance. 

i ends, however, should be calculated as cantilevers from the 

1 centers outward. As in the case of girder stays the factors 

f safety resulting from such calculations should not be less than 

I when baaed on an ultimate modulus of rupture of 55,000 lbs. 

per sq. in. 

The location of the stay rod ends at the front tube sheet is 

illustrated by Fig. 144. The unstayed area, indicated by the 

shading, is determined precisely as before. The manhole area as 

^ar out as its flange line is considered inherently stiff. The center 

if gravity o of the shaded portion is therefore the correct position 

r the stay rod anchorage. As was remarked above, this point 

lould be approximately upon the center line of the rear staying 

The exact location of o may be found by integrator or 

alculation. 

Through Slay Rods in Scotch Boilers. — In Scotch boilers the 
removal of the upper portion of the tube sheet from direct con- 
tact with the fire makes it possible to replace the channel girdetB, 
previously descril)ed, with very heavy washers chock-nutted upon 
e ends of the through rods. By this means the load upon a large 
i of the tube sheet is transferred to the stay rod. The thick- 
f of the tulw! sheet itself may be made much greater in this 
i of boiJcr than in those where the heat of the fire is received 
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by plat<? having lx?hind it steam only. Fig. 145 shows the con- 
struction lines nccessarj' in laying out this kind of staying. The 
unstayed plate is determined as before by drawing the flange 
curve and stifif line of the tubes. Across this area a series of 
mean radial lines should be drawn according to the principles de- 
scrilx?d in Fig. 137, page 245. Pricking off halfway from the tube 
line to the flange curve, the medial line stu of the unstayed plate 
may be located. This curved line is the one upon which the stay 
rods are placed. 

To determine the maximum allowable distance between staj-ed 
points, reference should be made to Table XXXIX, page 233. The 
lines op and qr are next located by experiment, each equal in length 
to the maximum plate spacing and so placed as to form mean 
radials to the flange curve and tube line. These lines, therefore, 
define the limit to which the plate is inherently stiff. 

The washers used in this class of staying range generally from 
6 to 8 ins. in diameter, varying by half inches. They are 
beveled slightly on the edge to facilitate calking and are generally 
of the same thickness as the tube sheet itself. Having assumed a 
tentative diameter of washer from the general extent of the surface 
to \)Q stayed, a template to scale should be cut out of paper repre- 
senting each washer to be used. As in the case of beaded tubes, 
it is here also a (question as to how far the stiffness of the washer 
extends from its center. As a conservative estimate it is assumed 
that the washers are inherently stiff to a distance from their centers 
equal to the radius of the washer itself minus the thickness of 
the metal used. This ** stiff circle" should l>e drawn upon each 
washer after which they may be laid upon tlie drawing along the 
medial line. The washer templates may next l^e placed by trial 
so that the reaches of plate Ix^tween their stiff circles and the 
boundaries op and qj'j Fig. 145, will be sensibly equal. The centers 
should finally be located some specified distance both horizontally 
and vertically from the center lines of the boiler. Lastly, assum- 
ing that the arrangement appears to be a satisfactory one, the 
method of loci described m Fig. 139 should be employed to find 
the area of plate stayed. Thus the shaded figures as shown 
are bounded by the loci of points equidistant from the flange Une, 
the stiff circle of the washer and the tube line. Using a planim- 
eter the extent of these areas may be found, and this multipUed 
by the working boiler pressure will give the normal load upon the 
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stay rods. Consulting Table XLIV, page 246, a diameter 
stay rod may be selected to fit the most severe case, and -- 
before, this diameter should be used for all rods above the tub^^ 
The nut upon the outside should be full standard and that upc^ 
the inside half standard in thickness. If in every ease tt^ 
reaches of plate between washers, tubes and shell fall below tt* 
maximum allowable spacing, the staying may be considere«* 
iatisfactorj'. 

The above method may also be extended to the case of Iarg« 
Scotch boilers where several rows of stay rods are needed. The 




SCOTCH BOILERS 
Vui. 146. 



areas will lUffrr in form from those found above but the pnnciple^ 
apphcd will be the same. 

Hear Tube Sheet Slays. -— In Scotch boilers it is generally E 
sary to install largo handholes ui the front head at the sides c 
the furnace tubes near the shell. The omission of the tubi 
necessary for this purpose leaves a wide expanse of unstayed plaWg 

n the rear tube sheet. To detennine whether this area must I: 
stayed or not the procedure illustrated in Fig. 146 should I 

mployed. Drawing the stiff line of the tubes and the f 



^p>Ti'es for the furnace aad sliell, as previously described, the area 
**fc«i is determined. If the width of this figure, in a direction radial 
*■<> the furnace and shell, is greater than the maximum allowable 
E* Late spacing in the head a stay rod is necessary. Letup, drawn so 
**^ to form equal angles with the two flange curvra, represent the 
■*»aximum plate spacing. The area abop must then be supported 
t>i' the use of angles pinned to a stay rod in much the same manner 
^^s was previously describe<I in Fig. 144, page 255, Four rivota 
^*e generally employed with 3 in. thimbles to permit circulation 
^k-gainst the sheet. Havuig located the rivets as symmetrically 
^Ls possible by trial the individual livet luat^ls are found by the 
**iethod of loci described in relation to Fig. 139, page 248. With 
the sum of the rivet loads as the gross tension, a stay rod with 
f «>rged eye should be designed, its forward end finding an anchor- 
age in the reinforcing pad around the haiidhole opening. A slight 
^kjDount of angularity is permiasible where the rod joins the front 

Ebe sheet. 
Staying in Vertical Boilers. — In vertical boilers there are two 
:alities where stays are necessary, namely around the margin of 
the upper tube sheet and in the water legs. If the upper portion 
of the shell is contracted, the tubes may come near enough to the 
periphery of the tube sheet to stay it without additional assistance. 
In straight shell vertical boilers it is always necessary to use one 
or more zones of diagonal stays to strengthen the upper tube sheet. 
On account of the intense heat of the fire, stays cannot well be 
Lftttached to the lower tube sheet. The necessity for their use is 
Jftvoidcd, first, by flan^ng the lower tube sheet to a liberal radius 
Band, second, by giving the furnace wall a gentle inward slope as 
b rises from the mud-ring. Fig. 147 show^ the staying of the 
Kilpper tube sheet and water leg as well as the manner in which the 
lower tube sheet joins the furnace wall. A slope of 2 or 3 ins. in 
B height of an ordinary furnace is allowable. 
The unstayed plate at the circumference of the upper tube sheet is 
bemiined by the principles illustrated in Fig. 130, page 232. The 
inge curve is drawn where the flat plate begins and the tube circle 

an approximate distance j inside of the tube area. Naturally 

the latter determination is somewhat indefinite. If the unstayed 
!i is wider than the maximum allowable plate spacing as deter- 
led from Table XXXLX, page 233, at least one row of stays will 



STAYING 



261 




STAYING IN VERTICAL BOILER 
(262) FiQ. 147. 
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^ needed. These should be uniformly spaced on the medial 
^^ele (Ac with 4 ins. between rivets. This spacing will rarely fit 
^he medial circle. The distance between braces must, therefore, 
^ varied to fit the case. With the diameter of the meilial circle 
^^d the total number of braces given, the stays can be located 
^'ithout difficulty. For ease in laying out, the totiil number of 
'^^aees should be a multiple of two or four. The det<^rmination 
^^ the shaded figures representing the area stayed per rivet is 
evident from the illustration. This area must not exceed that 
&ven in Table XL for the rivet and pressure in question. Where 
^ubes are omitted locally to give easy access through the man- 
hole as at mn, it is generally necessary to use a second row of stays. 
Their spacing and calculation follows the method outlined above. 
Lastly the true rivet loads must be computed and the tension, 
shearing and bearing pressure kept low enough to avoid local dis- 
tortion at the shell. 

In the water legs stay bolts must lx> pitched, both vertically and 
circumferentially, so as to keep the furnace wall safe against col- 
lapse. The lowest ring seam in the outer shell should come approx- 
imately opposite the lower tul)e sheet ring seam. As was noted 
under water leg joints. Figs. 100 and 101, page 149, the strength of 
the furnace course in the outer shell is largely dependent upon the 
stay bolts. Above the region of the stay bolts, therefore, the 
longitudinal joint must at once pass to a type* of high efficiency. 
The water space should Ik* at least 3 ins. wide at the Ixjttom 
and the mud-ring is generally made from 24 to 3 ins. in depth. 
Starting at the mud-ring seam. Fig. 147, a trial vertical spacmg 
kk should be made with the maximum allowable plate spacing 
from Table XXXIX as a unit. To prevent burning, the furnace 
wall is generally restricte<l to /? in. or less in tliickness. Tliis 
quantity should Ix^ ased in referring to the table. Tins uniform 
spacing, reduced if necessar>', nm^t reach the location of the lower 
tube sheet ring seam. If th«,- lev*;Ls of the ring s<.-am.« in the lower 
tube sheet and .shell are approximately the same, the arrangement 
may l>e considen^J .satisfactory. 

In large fire Ixjxes the cylindrical form of the furnace Is not 
considered to incor[x>ratf.' any adrkd stiffnes.s, since the external 
pressure tends to pr^xluce r-ollafiS^f. Hence the furnace wall is 
stayed circurnf^rentially a.H if it wr-nr flat plate, the unit from 
Table XXXIX Uring the same a.s wa.s m^itl for the vertical spacing. 
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The stay bolts should lie spaced on the outside circumference of 
the furnace wall at its largest diameter. Here again the total 
number of spaces should be a multiple of two or four, the pitch 
being slightly reduced to make such a number possible. The 
uniformity of stay bolt spacing should not be disturbed, but when 
necessary, the stay bolts may pass through more than one thick- 
ness of the outer plate. This makes it possible to use cover plat«8, 
pads and reinforcements on the outside of the shell without chang- 
ing the position of the stay bolts. In the region of fire doors 
where there are stiff flanges present, the stay liolts may be occasion- 
ally displaced a httie from their natural position. 

It next remains to select a suitable size of stay bolt to bear the 
loads which the above spacing will impose upon them. The 
boundaries of the areas supported per stay bolt are located in the 
usual manner, and when multiplied by the working pressure, these 
areas will give the stay bolt loads. Table XLM gives the dimen> 
sions usually adopted for stay bolts. Most railroads and boiler 
makers employ 12 threads per inch irrespective of the shank 
diameter, but 10 threads per inch have been used for the larger 
Bizes. For U. S. Standard thread, the root diameter equals the 
shank diameter minus 1.30 times the pitch of the thread. If 
sharp V-lhread is used the latter factor is 1.73 times the pitch. 
The following table has been calculated for U. S. standard threads; 



TABLE XLVI. 
STANDARD PROPORTIONS 

of 
SOLID BOILER STAY BOLTS. 
II U. S. S. Threads per Inch. 
= 50,000 Iba. per sq. in. Wrought Ironji - 45,000 lbs. persq. 
Factor ol Safely, 8. 
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There are many different types of stay bolta a few of which are 
shown in Figs. 148 and 149. The chief difficulty in using stay bolts 
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arises from the unequal expansion of the two sheets connectecS. 
One is usually in full contact with the fire while the other is heated 
to the temperature of the confined fluid only. There is, therefore, 
cooHiderable relative motion between the two sheets. This cocml- 
duccs to the formation of cracks in the stay bolts near the inne^a 
surfaces of the sheets. Many stay bolts of the type A rupture Lsi 




SPECIAL STAYBOLTS 

Fio. 149. 



this manner and their loss is unnoticed until evidenced by a 
bulging plate. The hollow stay bolt B, after breakage, permits 
the escape of fluid and thus announces its condition. The axial 
hole is also useful in introducing air into the fire, as well as provid- 
ing a duct for the steam jets of soot blowers. Stay bolt stock is 
usually.procurable in long lengths, threaded continuously from end 
to end and necked down at intervals where it is desired to cut it 
off. One end is squared to facilitate screwing into place. Tapped 
holes for receiving stay bolts must have continuous thread through 
both sheets if the bolt is to screw to place easily and accurately. 
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berial 18 a very soft but reliable steel which will endure the 
irily severe usage. Some Diauufacturers still adhere to the 
of best grade wrought iron for the purpose. Haviug selected 
iy bolt which represents a margin of safety over the condi- 
1 of the problem, the design of the staying may be considered 
ilete, 

bile discussing the subject of stay bolts it may be well to refer 
trious special forms adapted to severe comlitiona of contraction 
expansion. In Figs. 148 and 149, CDEFG aiid H illustrate 
)us types adopted by the Pennsylvania Railroad and othere 
ise in locomotives. Flexibility is here insured by the spherical 
^t one end of the bolt. In each case u sleeve has first to be 
1 into the boiler plate. The bolt itself is then put in place 
i end riveted over upon the surface of the furnace sheet. 
jrevent leakage a soft copper washer is placed Ijetwoen the 
'e and the cap nut, the latter being screwed down hard. In 
'. cases it is desirable to screw in the Iwlt from the fire box end, 
't copper washer similar to that described alwve being placed 
;r its head. In this case the bolt enters a spherical nut which 
in the sleeve, and the cap nut and washer make the outer end 
;, The outer end of these stay bolts need not always come 
ugh the plate perpendicularly but with extra long sleeves, an in- 
,tion of 25 degrees as shown in H may Ije obtained. Frefjueiitly 
uble thickness of plate is used locally to give thread room for 
long sleeve. Supports and other ext«*nml fixtures of variouii 
ITS sometimes interfere with the external heads of stay lx>ltit, 

Eh case the form of flush-headed bolt shown in G nhould be 
It is sometimes difficult to introduce the necotsary stays 
; conflict. To avoid this, stay rods frequently have to !» 
^ed to two equivalent rods, and providetl with tipherical joint* 
re vent cramping. 

^inH in Locomolive Type Bmlern. — The locomotive type of 
^.Pig. 150, presents many difficult problenm in Mjtyiag on 
% ot tbe conHtruction of the tire \xix. 'I'here are five locali- 
1 Deed atb-rition in tbia rtwpevt: 
A) Smoke box tube ahexi. 
WtB) Flat outer fumaa: wall. 
p[C) Water Uy». 

< Fire box tuhe theet at throat. 
' Fmaceroof. 
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'HKEinoke box tube 8beet j1, Sat outer furnace wall B and the 
J TCter legs C are ataj-cd nnth diagonal braces and stay bolts in 
I ptwiaely the same manner as the cyrresponding portions of hori- 
I *sita[ and vertical boilers. The fire box tube sheet D cannot 
I PEffally be strengthened by stays of any type on account of the 
I inlenaity of the heat. This is avoided at the top of the sheet by 
I irranging the beaded tubes to approach uniformly near to the 
I margiii and thus to stiffen the sheet by their holding power. The 
I Bcation of the front handholc at / necessitates the omission of 
i ' group of tubes. The liandhole cover ia inherently stiff and wiU 
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Fir;, 151. 

take care of itself. The corresponding area g in the fire box tutie 
sheet is weak, however, and forms an exception to the above 
statement in regard to furnace stays. When protected by a bridge 
wall or baffle pUite, throat stays A riveted directly to the shell and 
tube sheet are used with bucccss. When unprutccle^l the brace 
rivets should be set off at least 3 ins. by pipe tbimbleH after the 
manner described in Fig. 144, page 2.15, for tulw sheet RtayH in httri- 
xontal boilers. This gives enough circulution nround the slay 
rivets to prevent burning. 

Fig. 151 shows the method of placing and calculating throat 

StayB. Stiff lines a distance J- back from the tulxredgeti arc drawn 
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as heretofore. The circular row of stay bolts just below the thro* 
forms the other line of rigid plate. From these stiff lines half th^ 
niaximum plate spacing is set off, resulting in the unstayed area sin 
The influence of the tubes reaches to st and tu and of the stay bolt^ 
to su. The unstayed portion is then divided by planimeter or^ 
otherwise into two equal areas above and below the horizontal line 
xy. One or more diagonal brace heads located symmetrically on 
this line will. make the beet possible provision for the flexible plat«'.. 
The other ends of the braces are anchored well forward on the shell 
to avoid angularity- The shaded area shows the actual plate sup- 
ported by the brace in this case, its boundaries being the locus of 
points equidistant from the rivet centers and stiff lines. If the 
distance from any point on the locus to the nearest stiff lino is 
not more than half the diagoaal op of & square ha\'ing the maxi- 
mum plate spacing a for its side, the arrangement may be considered 
safe. Care should be taken that the stayed area multiplied by 
the working Iroiler pressure does not overload the brace rivets or 
shank. 

There are three general methods of staying the roof of locomo- 
tive fire boxes: 

(l) Radial slays. 

(tn) Slung crown bars. 

(«) Crovm fears. 
(/) Radial stays. — ■ For the first method, Fig. 1 50, the crown sheet 
K of the furnace is made the arc of a circle of large radius r, for 
the greater part of its width. Where the roof joins the side sheete 
a cur\'e of much less radius is employed. The spacing kk for the 
side sheets, as determined from Table XXXIX, is continued over 
the crown sheet, no additional stiffness being a^umcd for the arched 
plate in the roof. From the roof to the outer shell stay bolts are 
insertetl with their axes as neariy aa possible radial to the curve 
formed by the fire box sheet. The external course subjected to 
severe intenia] pressure forms a secure anchorage for the stay bolts 
thus located. 

Having stepped off the circumferential pitch along the crown 
sheet the longitudinal spacing should next be given attention. 
Generally the pitch here used, k, is the same as that previously 
employed. Starting at the vertical side seam on the outside of the 
water leg at the rear, the pitch is stepped off, as shown, to a siniilar 
point at the front seam of the water leg. The stay bolts, there- 
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fore, fall oa squares and the area o( plate supported by each may 
i* readily calculated. Care must be taken that conflict does not 
■^e place between the above radial stays and the diagonal braces 
<!niployed on the flat exterior furnace sheet. The diagonal braces 
c*"i sometimes be shifted slightly from a true radial position to 
,avoid this difficulty. 

Naturally the anchorage of the outer ends of radial stays to 
the shell takes place at an irregular angle. Unless very much 
«it of a radial position this does not present special difficulty, 
aa was explained in relation to the Tate stay bolt shown in Fig. 
i49W. This form or its equivalent should be used when the 
angle is of any considerable amount. 

When radial stays are used under a dome, the anchorage in the 
outer shell is interrupted and some other form of stay must be 
Special forged lugs riveted to the inside of the dome and 
:d to the stay holts afford the usual means of fastening. This 
generally occurs m the style of "wagon top" locomotive 
boilers in vc^ue until recently upon many railroa<is. The dome 
in this type is placed directly over the furnace on the rear sheet. 

(m) Slung crown bars. — Fig. 152 shows a typical installation of 
filung crown bars. A series of structural steel T-beams aa curved 
to fit the exterior shell are firmly riveted at the necessary intervals 
to the sheet bb over the furnace. A corresponding set of T-beams 
cc are shaped to fit the furnace roof and held securely in place 
by tliimbled bolts dd. The two T-beams are linked together by 
double ties ee at frequent intervals, the whole constituting a sym- 
metrical system of supported points, With regular spacing the 
tension in each link may be taken as its proportionate share of the 
total load on the unstayed plate. The furnace roof beam is ap- 
proximately a curved continuous girder of equal spans uniformly 
loaded. Neglecting the curvature its calculation is not difficult. 
If wj is the uniformly distributed load per unit of length and L is 
length of each span, the maximum Ix^nding moment, occurring 
a support, for a continuous girder of indefinite length is 

■'-""' .... (131) 
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d aunijarly the bendioK moment at the center of eiich span w 

"+24 



(132) 
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Very frequently these bending moraente a 
ised by the overhung loads gg at the ends of the girder. In any 
event ihe T-beams should embody large factors of safety to resist 
t^e effects of corrosion. It must be borne in mind that such a 
cak-ulation as the above is only approxijnate, the position of the 
girder with reference to its supports having much to do with the 
truth of the above equations. 

The links and pins should be calculated for tension and bending 
respectively. The roof bolts are spaced precisely like the stay 
Ixjlts previously described. Copper washers are used under the 
bolt heads to keep them tight and the thimbles not only permit 
circulation but enable the whole system to be assembled under a 
good degree of initial tension. Slung crown bars are adaptable as 
Well to flat surfaces over furnaces and combustion spaces. When 

t.the dome or steam outlets prevent the use of anchor beams, the 
'links are pinned to specially forged lugs riveted directly to the 
Iddes of the dome or shell. With this form of staying there ia 
generally considerable difficulty in arranging diagonal braces to 
take care of the flat eidemal furnace sheet hh. Stiff angles riveted 




to the flat plate and anchored well forward to the shell by one or 
more eye-braces form the best solution. An occasional diagonal 
brace may be used where room permits. 

(n) Crown bars. — Crown bars on account of their imreliability 
I are rapidly becoming obsolete. They are best adapted to the flat 
I tope of furnaces and combustion chambers. Fig. 153 shows a 
L tjriHcal arrangement of crown bars. The flat sheet is crossed at 
^Itecesaary intervaLi by straight I>eam8 which receive their support. 
I at the flange forming the boundary of the furnace. The bars are 
r .made of wrought or cast iron and are either bored or made double 
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to permit the bolts to pass down through to the crown sheet. 
If double, a clip washer unites each pair and a tapered thimble 
permits the IkjUs to be assembled in tension. Naturally the sup- 
port at the flange is very insecure, and, receiving as it does at each 
end half the entire roof load, local distortion m liable to occur. 
The feet frequently spread and slip off the flange so that the hold- 
ing power of the entire beam is lost. The crown bars are simple 
beaiiis supported at the ends and loaded symmetrically at a sj-stem 
of pointi*. Their calculation is consequently very simple. This 
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form of staying is rarely ased at present except upon the roofs of 
the combustion chambers of marine boilers. The spacing of the 
bolts follows the principles set down in the previous cases of plate 
staying. 

In order to simplify as. far as possible the problem of staying 
locomotive boilers, a fire box, designated by the term "Belpaire" 
from the name of the inventor, has been widely used. The princi- 
ple emboched consists in the use of flat sheets and direct through 
stays wherever possible. Fig. 154 illustrates the general arrange- 
ment. The vertical and transverse stays are of the direct flexible 
type with special seats and cap nuts at all cool ends. The longitudi- 
nal braces consist of diagonal stays fastened to a shell lag at one 
end and pinned between heavy angles at the heatl. The angles 
are vertical and riveted symmetrically to the external flat furnace 
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sheet. ^ A system of throat stays takes care of the flexibility in thiit 
IwAlity. To avoid coDflict among the stays, an occasional oiio 
is either slightly displaced from its true position or bridging is 
employed. Except for the expense this is an excellent type of 
construction. 

Wien subjected to severe pressures the inherent stiffness of 
ilishcd heads is not sufficient to resist distortion and staj-s must 
be provided for the purpose. St iffeners such as tees or angles may 




THROUGH STAYS 

DISHED HEADS 
Fig. 155, 



H 



i shaped to fit the head and riveted securely to it. Pig, 155 

I shows a method employed in steam drmns where through rods set 

mat an angle bind the heads together. The rods are inserted in a 

■fioeition approximately normal to the cur\'ature of the heads and 

■tiie nuts are made tight with thin copper ga-skets. When several 

Kpairs of rods aw required it i.^ necessary to make a special spotting 

'i the head in order to provide a suitable seat for the nuts. This 

1 be done at tlic time of manufacture with but little difficulty. 

Boiler Mountings. — Manholes. — In most boilers it is 

eirablc, either from necessities arising in the manufacture or 

rom the subsequent requirements of cleaning and inspection, that 

sion Ije made to enable a man to enter the shell. In steam 

3 having dished heads, both of which are externally convex, 

b is always necessary to provide entrance for driving the rivets. 

n large cylindrical boilers the same necessity presents itself in the 

»ir and maintenance of the staying .ayalem. The standard siie 

f mauholea is 11 by 15 ins. In order to weaken the shell as 
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little as possible tbey should be placed with their narrow dlimMision 
lengthwise o( the cylinder to which they are attached. A hea\'j- 
internal ring double-riveteti to the shell is designed to compensate" 
for the loss of strength due to cutting the hole. Fig. 156 shows the 
general appearance and dimensions of a standard forged steel man- 
hole ring with seam. This type is used where pressures do not 



J_ STANDARD 

MANHOLE RING 




Fii;. 156. 
exceed 150 lbs. |jer sq. in. In order to displace as little of 
steam space aa possible the manhole frame is kept shallow. The 
gasket is generally one inch wide and liberal fillets are used 
pre^ng its seat from the surrounding frame. The special double- 
riveted seam shown is the one recommended by the Massachusetts 
Boiler Rules. Such seams should always be struck on the flat 
plate before rolling. 

Manhole covers were formerly made of cast iron, but the use 
of this material has been largely superseiled by steel castings or 
pressed steel. In cast covers the manhole bolt passes through a 
hole and is riveted to place on the inside. This arrangement is a 
source of weakness as well as leakage. Corrugated pressed steel 
covers, as illustrated in Fig. 157,* are at present widely employed. 
The bolt is anchored to a plate held in place by the corrugatjt 
• The Lukens Iron Worka. 
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Ytdces &re also made of pressed ste<^l. the fonu bcitig thnt Bhowu 
in ibe iUustration. Foot room must bi> providwl for ihi' yoko in 
the n^ioD of tbe seam. 

In Scotch boilere manholes ftre often located in tho front ho»J 
just above or below a pair of funiace tubes. In sueh caaes tho 
tulie sheet must be heavily rt'inforocd by a pii<l sccun-ly riwt«l to 



W* 




Fio. 157. 



it. Figs. 158 and 159 show the respective arrangonieut of such 
manholes. In Fig. 158 the anchorage of a stay rod from the pku- 
tube sheet is incorporated in the reinforcement of the manhole 
opening. A hea\'y dished cover Ls used to close the mauhole. 
The rivets must be smoothly countersunk on the inside ends to 
provide a flat seat for the gasket. 

In Fig. 159 three stay rod ends are seated upon the reinforce- 
ment. Since these mountings are well removed from the fire there 
is no special need of avoiding large ma.sscs of metal and their 
dimenenons may lie as ample as the strength requires. 

Handkoles. —To permit access to the sheets of a boiler for 
cleaning and repair, handholes of elliptical pattern should be 
installed at all necessary points. The plate over the fire is espe- 
cially liable to tojur}' if ac«umul:ttioaf of sediment are allowed to 
collect. All crown sbeett* should, therefore, be easily reachwl 
fnun without. Water tegs are natural traps for muil and, unless 
the water circidution u maintained, will clog up causing bunted 
plate. In iuoumotives a perforated wash out pipe is stMnetiines 
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permaneDtly instalted just above the mud-ring for cleaning pur- 
poses. At all events corner handholes of the type shown in Fig. 
160 should be provided so that there shall be complete acccfla to 
all portions of the water legs, as well as to the apace above the 
fire door. The standard hsndhole, yoke and cover for use on fiat 



KiH 




sheets is shown in Fig. 101. Cast iron was formerly used for 
r the cover and yoke but with increasing pressures, steel castings 
f or forgings have been largely adopted. In locatuig handhotes 
room must be secured for the necessary seating of the gasket. 
The latter is generally f in, wide by I in. tliick and is made with 
special reference to durability in the presence of heat and corro- 
sion. The yoke or crab is generally shaped as shown in the figure. 
I Four-footed crabs have been used to secure a better joint near the 
■ ends of the handhole opening. A Up should always be cast around 
the cover to assist in its seating so that the full gasket width 
flhall be available in making the joint tight. Handhole covers are 
neceeaarily so thick that they should be removed as far as possible 
from contact with the fire. Wlicn placed in the region of intense 
beat, thin dished steel covers, convex against the pressure, have 
bees used satisfactorily, The threaded end of the handhole 
bolt should not project beyond the nut since burning a 

1 will injure the thread to such an extent that the nut cannot 
Itie removed when desired. 
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Openings of this class are shaped as true ellipses with their nunor 
aud major axes in the approximate ratio of two to three. The 
standard sizes usually found are as follows: 

2^ ins. X 3J ins. 3^ ins. x 5 ins. 

2| ins. X Zl ins. 4 ins. x G ins. 

3 ins. X 4§ ins. 5i ins. x S ins. 

Handhotes must generally be located opposite each of the tubes 
where the latter enter the headers of water tube boilers to faeili- 
tate expanding the tubes to place. Such handholes must be pro- 
vided with elliptical milled seats if the covers are to be mserted 
through the opening and an external yoke used. To avoid the 




OUTSIDE YOKE 



HANDHOLE COVERS 

FiQ. 102. 



necessity of machining an ellipse, circular handholes with internal 
yokes have been designed. The cover la wholly externa! and rests 
on a ground seat. The yoke and bolt bind it to place as shown at 
the right of Fig. 162, I^eakage at the nut seat may be prevented 
by the use of a copper washer. To enable the lx>lt to adjust itself 
and insure a fair bearing for the cover, tlie bolt head is sometimes 
given a spherical upper surface, 

Washout Plugs. — Where there is not room for a handholo of 
any gf the above sizes a smaller opening, known as a washout, is 
used. Fig. 163 shows the usual proportions. This detail con- 
sists of a pad riveted externally to the shell, the threaded opening 
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being covered with a cap and copper gasket. The pad is forged 

to the curvature of the plate agaiust which it is to fit. For the 

itroductioQ of hose and scraping rods, these openings are of 

mch value in the restricted portions of steam generators. The 

ted nozzle of the washout 
made to conform to one of the 
ler pipe sizes so that if 
lary the cap may be re- 
laced temporarily with an or- 
lary pipe cap. 

Dry Pipes. — When there is 
not room for external tlomc or 
drum, or when the pressure in 
^tbe boiler forbids the use of such 
:achments, a dry pipe is in- 
1 in the ordinary steam 

Fig. 1G4 shows an inexpensive method of building up and 
kchlng a dr>' pipe with standard pipe fittings. There is generally 
»ck enough in the nozzle to permit the hole to be tapped for the 
Xption of a pipe nipi^lc. A tee with capped branches completes 
i form of dry pipe. The upper semi-circumference of each 





CORNER WASHOUT 

Flo. Ifl3. 




DRY PIPE CONNECTION 

UPPER HALF PEnFORATCD 
FlO. 1G4. 



mch is usually perforated with holes J in. in diameter through 
bich the steam is drawn. By this means the splash of ebullition 
■iprevented from entering the stoam pipe. In locomotive boilers 
Kperforated dry pipe is slung from the ring Bea,mB and leaves the 
miter through the upper portion of the front tutje sheet. 
Forged Pipe Flanges. — To avoid the brittleness of cast metal, 
especially wheu subjected to the pressures employed in driving 
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rivets, forged pijx; patis have been placed upou the market. They 
consist of a simple disc of metal from the center of which is forged 
up a pipe hub. The latter contains sufficient depth to give the 
requisite number of perfect threads for the pipe in question. The 
hole in the boiler plate to which the flange is attached need not, 
therefore, be threaded. Such flanges are usually attached to the 
boiler by J in. rivets a single row being generally sufficient for pre*- 




FORGED STEEL PIPE FLANGE 

Flo. 165. 



Bures up to 150 lbs. per sq. in. Fig. 165 shows the usual proportions 
of these attactmients and Table XLVII gives the corresponding 
dimensions. Such flanges have to be curved to fit the circumfer- 
ence of the shell to which they are riveted, 

TABI-E XLVII. ^Di 
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Domes. — When the steam space of the boiler is necessarily 
restricted, additional volume may be ubtaiucd by attaching a 
steam dome or drum. Such members are generally cylindrical 
in shape with dished heads. The axis of the cylinder niay be 
cither vertical or horizontal, depending upon the head room ob- 
tainable above the boiler. Horizontal steam drums arc usually 
attached directly to the boiler shell by special forged flanges riveted 
to place. The use of bolted cast iron flanges for this purpose lias 
been largely discontinued. The dished heads in such drums are 
frequently stayed as illustrated in Fig. 155 on page 275. In 
order to assemble both of the hea<Is with convex contour outward, 
an outlet must be provided in the shell through which a holder-on 
may be introduced to support the rivets while being driven from 
without. Manholes are frequently located in the dished heads for 
this purpose. 

Domes of the vertical type are either riveted directly to the shell 
or bolted to it by pipe flanges. Fig. 166 shows one method by 
■which a dome is connected directly to the cylindrical shell. As a 
precaution against rupture a standard manhole ring is first riveted 
to the course as if Cor that use alone. The dome, flanged at its 
lower end, is then double-riveted to the shell. This method pro- 
vides sufficient opening for the exit of steam and insures the safety 
of the boiler- Sometimes a heavy saddle ring is fitted to the out- 
side of the boiler and the dome flange riveted through it to the 
shell. The strength of such members is a disputed point and 
many accidents have happened due to the removal of excessive 
amounts of plate for such coimections. 

A second methotl of attaching a vertical steam drum is shown in 
Fig. 167, Two nozzles, one of high and one of low pattern, are 
arranged as shown in the figure, each l»eing riveted to the proper 
member. When l>olted together with a suitable gasitet this pro- 
■^■ides a durable and satisfactory steam drum connection. 

Fire Door Openings. — Two arrangements of the door opening 
through the water legs of locomotive ami vertical boilers are 
shown in Fig. 168. In small boilers a wrought iron or cast steel 
frame may he used aroimd door openings iis shown at the left. 
The comers of the opening should be rounded to a liberal radius 
and the rivets driven in the same manner as at the mud-ring. It is 
generally imjxtssible to drive such rivets by machine on account of 
inaccessibility. The chief difficulty with this type of door frame 




ATTACHMENT 



VERTICAU STEAM DRUM 

Fio. 1G7. 



BOILER MOUNTINGS 



2S5 



is the liability of burning at a where the thickness of metal pre- 
vents the circulation from keeping the plate uool. 

To obviate the above difficulty and also to provide for the 
necessities of the riveting machine, the type of opening shown in 
ITg. 168 at the r^jht is most widely used at present. By the care- 





FIRE DOOR OPENINGS 



WATER LEGS 
Fia. 168. 

■fill use of suitable machinery both the inner and outer sheets may 

■be Hanged without injury to a cotnnion joint having its pilch Uno 

■ at least 1 J ins. outside of the adjacent plate. This exp^tcut niain- 

i a water circulation around the door and provides sufficient 

I clearance for the use of the riveting machine. The out^r plate m 

tcommonly allowed to project slightly beyond the inner so as to form 

Ks ledge against which the calking tool may rest. As was renmrkod 

wve handholos must always be provided above door 0[>euings in 

Kflrder to make passible the removal of the sediment which would 

laturally accumulate at that point. 

FumbU Plugs. — In every 3t«am generator there are portions 

r especially susceptible to injury from overheating in the event of 

i low water. Such portions should be protected from extensive 

injury by the use of a hollow plug filled with a metal fu^ng at a 

comparatively low temperature. Fig. 169 shows three types of 

plugs recently rc-cornmendeil by the Masstichusetts Board of Boiler 

pilules. The required locations of these safety devices is accurately 

I in the CVkIo of Rules summarized in Chap. I. page 3 

2 the form of the steuin generator necessitates the insertion ot 





286 BOILERS AND PRESSURE VESSEia 

the plug from the fire side of the sheet the latter is designated as an 
outside plug. When access to the desired locality can only be 
obtained from the inner or water side of the sheet, the type is 
designated as an inside plug. A third style screwed into the tubes 
of vertical boilers is shown at the right. These safety devices are 
required by law to be filled with pure Banca tin, the melting point 
of which is about 445° F. Tliia figure represents a safe margin of 




PROPORTIONS 

FUSIBLE PLUGS 

Flu. 1G9. 



temperature above that of saturated steam at ordinary preseures. 
Fusible plugs are not ordinarily allowed to come in contact with 
highly superheated steam. The efficacy of these devices in pre- 
venting accidents can only be assured by keeping the fusible metal 
clean where it comes in contact with the water. It is generally 
advisable to renew fusible plugs annually. The recommended 
proportions for fusible plugs are given in Table XLVIII. All 
steam generators should be protected by their use where there is 
the least probability of danger from low water. 

feed Pipes. — ^ The feed water should enter the boiler in such a 
manner as to mingle with the contents at the coolest portion 
and to assist the natural circulation. This can best be ac- 
compUshed in horizontal boilers by tupping the front head for a 
feed pipe bushing just above the level of the tubes. With girder 
stays the bushing may pass through the center of the channel. In 
order to withstand corrosion the bushing is usually made of brass 
and corresponds in size to that of a suitable pipe tap. The threads 
within taper from opposite directions, the bushing thus forming a 
coupling for the interna! and external feed pipes. Brass pipe is 
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generally used for the purpose throughout. The internal feed pipe 
runs about two-thirds the length of the boiler, crosses at right 
angles and ia arranged with elbow and nipple to discharge the 
wat«r into the downward circulation near the shell. Such feed 
pipes are generally supported by small brass stirrups attached to 
adjacent stay rods. 

In vertical boilers a forged steel pipe flange riveted to the outside 
is arranged to receive the feeil pipe bushing. The internal feed 
pipe enters one of the avenues in the tube arrangement and dis- 
charges the water near the center of the boiler. 



The feed pipes of Scotch and locomotive l)oilera generally enter 
through the aide and discharge the water near the shell aa in the 
case of the horizontal boiler. 

Fig. 170 illustrates the standard feed pipe bushing and Table 
XUX ^ves the usual dimensions embodied in its construction. 

Nozzles. — The steam exits from boilers are usually made from 
either forged or cast steel. A flaring body with heavy ring at the 
bottom provides not only for the quiet withdrawal of steam from 
the boiler but for a strong riveted seam at the base as well. In 
order to rivet the seam by machine the center line of the plunger 
must have at least 1| ins. clearance beyond the Up of the pipe 
flange. The most critical point in the design of the nozzle is at the 
juncture of the body with the top flange. Unless good material 
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and liberal fillets are employed at this point fracture is liable to 
occur. The top flange is designed to meet the requirements of 
standard pipe flange. 
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Far aisnifioanoe aee Fig. 170, p. 288. All dimensions in inches. 


m^ (^l^wl 










A ' 


B 


C D 


B 


r 


o 


Ins. 












I 


1.050 


1.660 


li 


1 


u 


m 


14 


1 


1.315 


1.900 


2 


i 


IJ 


iij 


lU 


li 


1.660 


2.375 


2i 


1 


li 


Hi 


lU 


li 


1.900 


2.375 


2§ 


3 

4 


IJ 


in 


Hi 


2 


2.375 


2.875 


3 


i 2i 


8 


Hi 


2i 


2.875 


3.500 


3J 


1 2J 

1 


8 


s 



Two types of flange, the high and the low, are found on the 
market. The high type. Fig. 171, permits the use of through 




DEVELOPMENT OF SEAM 




PROPORTIONS 

OF 

CAST STEEL STEAM NOZZLE 
MIGM PATTERN 

N BOLTS- G INS. OIA 
K RIVETS- C INS.DIA. 




Fig. 171. 



bolts. In ca.se of rupture the latter may be easily renewed. 
When hea<i room is at a premium the low type of nozzle must be 
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used as illustrated in Fig. 172. Stud bolts are never a desirable 
means of fastening from the .'Standpoint of breakage and as well as 
leakage. The channel through which 
the steam is ivithdnnvn in this type of 
nozzle is also very abrupt. 
Table L gives the standard dimen- 
. sions of the Taylor seamless forged 
steel boiler nozzle aa manufactured by 
the Amcricau Spiral Pipe Works. The 
proportions of the low pattern, Fig. 172, 
also conform approximately to Table L 
as far as the letters signify. 

The rivefing at the base of the nozzle 
hiis not been nlisolutely standardized 
and may be varied at the will of the 
de.signer. The proportions given in 
Table L are suitable ones for medium pressures and average ser- 
vice. For severe conditions there is room enough in the base ring 
to permit the use of a double-riveted seam. 




STEAM NOZZLE 
low pattcrn 

Fig. 172. 









American Spiral F4pe Works. 
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Pipe Flanges. — In 1894 the A.S.M.E. proposed the staodardizeil 
<liiuertsions given in Fig. 173 and Table LI for cast iroQ pipe 
&iuges. These sizes have remained praeticully without change to 
PROPORTIONS 




CAST PIPE FLANGES 




1 



*-4ie present day except in pressures above 100 lbs, per sq. in. In 
^ ^1 a Committee ot Manufacturers standardized extra heavy 
^^eam pipe 6aDges as given in the lower part of Table LI. 

The bolt holes in pi[>e flanges are drilled J in. larger in diameter 

^lan the Iwlte specified in Table LI to insure ease in adjustment. 

Some manufacturers provide a third series of cast steel flanges 

*^*iade integral with the pipe or fitting and designed for 350 Ibe. 

^^r sq. in. pressure and superheating temperatures up to 800° F, 

In addition to the screwed fittings descril>ed above there are many 
Special types of pipe flanges designed for severer service. These 
Vnay be roughly dividtxl into three classes; 1° Welded Flanges, 
^ Shrunk and Feened Ilanges, 3° Clani|)ed Pipe Joints. 

To insure against leakage under high pn^ssures a forged steel 
pipe flange may l»e welde<l directly to the pipe. Or again the 
pipe may l>e partially threaded into the flange and the joint sealed 
with soft steel under the oxy-acetylene flame. 

When the service is not so severe the flange ring may be shrunk 
upon the unthreaded pipe and the latter peened out into a flaring 
recess at the flange surface. 

The third form of pipe union, known some years ago as the Van 
Stone joint and at present bearing a variety of names, consists of 
turning a 90" flange upon the ends of the pipes to be united. 
Heavy txjlt rings inserted loosely upon the pipe <iraw the flanges 
tightly together and make the joint. One great advantage of this 
method conskts of the possibility of turning the pipes relatively 
to one another through any desired angle without encountering 
the difficulty of unscrewing rusty pipe threads. 
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TABLE LI. 

PROPORTIONS OF 
STANDARD PIPE FLANGES. 

Cast Iron, Gun Iron or Steel Castings. 

For pressures not over 100 lbs. per sq. in. 
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For pressures from 100 to 250 lbs. per sq. in. 
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Pipe-Sizes. The manufacture of steam and water pipe con- 
HJsts of butt- or lap-welding together strips of wrought iron or 
steel plate so shaped as to form the correct diameter of the tube. 
The flat plate with edge scarfed is known as ''skelp" and must 
be of exactly the right width to give the size of pipe desired when 
rolled up and welded. 

In addition to the above there are many forms of seamless tub- 
ing drawn both hot and cold. 

The standard diniensions of steam and water pipes as taken from 
the National Tube Co.'s Book of Standards are given in Table LII. 
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Supports. — The method of support varies with the type of 
st«?atn gpnerator used. For horizontal boilers a aeriea of cantilever 
Itracket'} securely riveted to tlie shell fonna a satisfactory solution. 
Fig. 174 gives the proportions of the ordinary presaetl steel boiler 
bracket and its general location with regard to the center of the 
shell. To provide for expansion the rear brackets are supported 
on rollers. In order to minimize the overstraining of the shell in 
case the foundation settles, boiler brackets arc arranged in groups 
of two. The location with reference to the length of the boiler 
is given in the lower figure. Whenever proximity to ring acams 
makes it impossible to locate the brackets an shown they should be 
placed symmetrically with respect to the tube sheets. Since the 
bulk of the boiler weight is suspendetl at the latter points it is well 

D place the brackets near the ends of the boiler. 

[- Instead of supporting the boiler by brackets resting upon the 
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for the purpose. Fig. 180, page 300, shows the details of this 
feature. 

Scotch boilers are usually supported by two cradles of boiler 
plate or structural steel. The upper surface of the cradle corre- 
sponds to the curvature of the shell and the lower is holted to a 
flat concrete foundation. 

Locomotive type boilers are arranged to be transported on skids. 
Wooden or steel beams running along the sides of the boiler receive 

If 

Fig. 175. Fio. 17G. 

its weight at the rear end by means of steel brackets riveted to the 
outside furnace sheets. At the front end a Y-^haped support 
attached to the cylindrical shell or smoke box performs the same 
office. If the locomotive boiler is of considerable length oblong 
holes should be provided where the furnace brackets are bolted to 
the skids so that the increment of expansion will not strain the 
boiler shell. The same object may be accomplished by letting the 
cylindrical shell merely rest in the front support instead of bolting 
them together as described above. 

Grates and Ash-Pits. — While the design of the grate bars and 
Betting, should not be considered as pSrt of the boiler design some 
data is necessary in this regard to determine various questions 
relating to combustion. It is very difficult to fire properly a sta- 
tionary grate more than six and one-half feet long. The latter 
figure b generally considered the limit of length. Stationary grates 
for horizontal return tubular Iwilers generally vary in length by 
multiples of half feet. The proper width for a. grate is the boiler 
dinmeter but when there is difficulty in obtaining sufficient grate 
rea, a width 4 or 6 ins. greater than the diameter of the boiler 
I permissible. Grate bars are generally cast in multiple units 
measuring 3, 4 or 6 ins. in width, Fig. 177,* 

* The Intematioiml EngiDeering Works. 
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The character of the fuel has much to do with the form of the 
grate. The spaces between the grate bars ordinarily range from 
i lo 5 ii- "1 width, the latter being used for the coarser grades of 
coal. For burning bituminous slack mixed with the finer grades 
of anthracite, the air space is uiade even narrower than that given 
above. With forced draft the distance between grate bars may be 
but i in. The air spaces are generally designed to aggregate from 
30 to 45 per cent of the total grate ai'ea. Grates for burning chips 
and refuse coals are generally perforated slabs of cast iron, the 
diameter of the holes varying from J to | in, A raised boss of 
metal is sometimes left around the holes so that a thin layer of 
ashes will lodge on the surface of the grate, This arrangement 
prevents clinkers from adhering and clogging the draft holes. 

In order to provide free discharge of ashes through the grate and 
prevent the sticking of clinkers between the bars all air spaces are 
niade widely flaring in the direction of the ash-pit. Ledges of 
brick work must never b<^ allowed to imprison ashes in the grate. 
When more than four feet in length grates are generally divided at 
the center, thus pcnnitting freedom for expansion and avoiding the 
warping of the grate bars. Straight grate bars are aomctiraes 
ruptured by expansion. To avoid this difficulty tlic herring- 
bone grate shown in Fig. 177 has been devised. In this form the 
transverse ribs have opportunity for expansion without danger of 
itore. 

When the grate is made in two lengths the joint at the center is 
supported by a grate bearer resting upon the brick work at the 
sides of the ash-pit. This transverse beam is made up of two bars 
held together by thimbled bolts. The ends of the grato bars hook 
loosely over the bearer. The front end of the grate rests upon the 
dead plate which in turn is bolted securely to the boiler front. To 
permit, expansion an inclined surface upon the deail plate is ar- 
ranged to support the grate bars. At the bridge wall clearance 
room must be provided for the same purpose. In order that im- 
prisoned ashes shall not heave over the bridge wall when the grate 
expands the bars are sometimes given an inclined end which will 
plough the ashes out of the way. Fig. 177 shows a herring-bone 
grate with its left end inclined for the purpose described above. 
The remaining figures show various blocks of straight grate bars 
cast together. With fine fuels the perforated form shown at the 
right in Fig. 177 is used. 
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Grates for Vertical Boilers. — The grates of vertical boilers 
carried at the periphery of the furnace by a circular bearer 
either bolted to the mud-ring, as shown in Fig. 178, or supported by 
brackets projecting from the ash-pit frame. Such grates are desig- 
nated as segmental or sector grates according to their form. Fig. 
179 ' shows typical grates for this purpose. A free expansion space 
at least i in. in width must be provided Ijetween the grate and 




GRATE ATTACHMENT 

TO 

MUD RING 
PiQ. 178. 

furnace sheet. The sector form is illustrated in the lower part of 
the figure. Truncated sectors supported at their outer ends by the 
mud-ring and at the inner by a small circular center piece are 
arranged to fit the furnace loosely enough to provide the necessary 
room for expansion. The circular center is supported by a post 
and spider from the floor of the ash-pit. 

Fig. 180 illustrates the modem form of ash-pit casting for use 
with vertical boilers. It is frequently necessary to calk the inner 
and outer sheets where they join the mud-ring. Consequently the 
width of the ash-pit casting must be slightly narrower than the 
mud-ring. Projecting from the ash-pit casting are cantilevera 
upon which the grate bearer may i^est. 

The location of the ring seams in externally fired boilers is often 
determined by the length of grate and position of the bridge wall. 
Fig. 181 shows an assembling sketch which should be made in order 
to determine the relative positions of the grate, bridge wall and ring 
seams. Horizontal boilers are generally built with projecting up- 
take sheets since this effectually removes the dry plate from the 
region of the fire. The boiler front containing the fire doors is 
approxunately one inch in thickness and comes just behind the 
front ring seam. To protect the boiler front from the fire a lining 
* The IntcmatJona] EnBiDeering Worka. 
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HORIZONTAL BOILERS 

Fio. 181. 
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consisting of one or two roivs of fire brick is interposed. For small 
Ixiiters one row is sufficient but frequently two are employed. 
Beyond this the length of grate and expansion space should be laid 
off in determining the position of the bridge wall. To avoid the 
destructive action of the flames when impinging against a ring 
seam it is well to preserve a minimum distance of 12 ins. between 
the bridge wall and the girth seam. This stipulation frequently 
determines the length of the individual courses. 

Fig. 182 * shows the usual method by which grates are installed in 
furnace tubes. In order to preserve the strength of the latter its 
walls must not be puncturetl by bolt holes except in close proximity 
to a ring seam. The dead plate which is part of the external 
furnace mouth is inserted from without and bolted securely to place 
by cast iron angles upon either side. These bolt holes through 
the walls of the furnace tube comprise the only perforations 
allowed. Since they are ao close to the flange seam, where the 
front tube sheet and furnace join, they do not seriously weaken 
the corrugations. The dead plate consists of a slab of cast iron 
with a sloping edge upon which the grate bars rest. Cramping due 
to expansion b thus avoided by allowing the grate bars to slide up 
the incline. In order to prevent ashes and coal from wasting at 
the sides of the grate in the corrugation spaces, special grate bars 
are designed for these localities. The contour of the corrugations 
is roughly approximated by the grate bar, sufficient room being 
allowed for expansion. 

At the center of the grate is a bearer bar made up by bolting two 
beams of rectangular section together with thirabled bolts. At 
either end of the bearer is a U-shaped clip iu which the ends rest. 
This clip is bolted to a semi-circular ring of cast iron which roats in 
the adjacent corrugation. Thus the grate is supported at its center 
without puncturing the furnace tube wall. 

The bridge wall consists of a hollow semi-circular casting. In its 
front side is a sliding door to admit air. Its rear side is perfor- 
ated with many small holes to spread the air currents as they pass 
into the combustion chamber. The top of the bridge wall is 
provided with a sloping surface similar to that employed upon the 
dead plate. Two or three courses of fire brick are laid over the 
bridge wall casting to protect it from the flames. The fire brick 
are held in place by a slab bolted to the rear of the bridge wall. 
To prevent the bridge wait from overturning, bolted clips are 
* The Contincntnl Iron Works. 



d04 BOILERS AND PRESSURE VE9SEIS 

provided at either side and the bottom, the latter fitting into the 
corrugations with fair snugiiesa. Clearauce is provided for ex- 
pansion in all the bolt holes and fastenings throughout this arrange- 
ment. Grates of this t>*pe slope from 4 to 6 ins. toward the rear 
when of ordinary length. To facilitate the removal of ashes a 
Bemi-clrcular ash pan sheet ia fitted underneath the grate. 

In dry back Scotch boilers the flames are returned to the tubes 
by means of a combustion chamber, Fig. I83,*built of fire brick and 
located at the rear in an extension of the shell. 

The shell extension is usually made of J in. steel plate riveted 
to the main shell of the lx>ilcr. A circular ring of bent angle bar 
is riveted to the end of the combustion chamber shell. The flat 
circular end of the combustion chamber ia made of ,^g in. steel 
plate bolted in place in the form of segmental panels. To stiifen 

TABLE Lin. 
PROPORTIONS OF BAFFLE ARCHES 
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this end plate against the effects of heat, transverse angles are 
bolted at frequent intervals. The panels art' easily renioviible to 
permit repair of the brick work witiun. An inverted arch of 6re 
brick about 4^ ins. thick is first sprung around the shell extension 
as higli as the tops of the lubes. At the rear a fire brick wall 9 ina. 
thick is securely laid in place with a cortjclled ledge near its top 
upon which the roof files rest. The latter consist of special fire 
brick slabs 5 ins. thick, 15 ins. wide and 30 ins. long. Their front 
ends are supported upon an angle riveted to the rear boiler head 
just above the top row of tubes, To facilitate cleaning, a door is 
• The ContiDCntfl] Iron Works, 



and steam nozzle. Thua it is found that the center line of the 
joint should be 8J ring seam pitches from the top of the boiler. 
The middle tourse joint must be placed to clear the manhole 
ring. It is found necessary to place it 11^ pitches from the top 
of the boiler. 

Uptake. — Taking the cross-sectional area of the uptake one- 
eighth the grate area, 



= 3.78 sq. ft. or 544 sq. ins. 
Using as a mean value for the width 0.69 of the diameter, it will be 

0.6!) X 66 = 45.5 ins. 
The length corresponding is 

544 



45,5 



^ 11.96 ins. 



Moke uptake 46 ins. long by 12 ins. wide. 

This width is founti to be satisfiurtory with respect to the plac- 
ing of the longitudinal joint. 

Manhole and Steam Nozzle Rivetimj. — The arrangement of 
rivets in the manhole seam is that shown in Fig. 156, p. 276. 
Steam nozzles of specified size are located near the center of the 
front and rear courses. Rivets J in. in diameter are used in both 
cases. 

Fusible Plug. — III order that the fusible plug, Fig. 169, p. 286, 
may be located 2 ins. above the tulies it is necessary to bend up 
slightly the lower flange of the channel. 

Feed Pipe Hushing. — The feed pipe bushing, Fig. 170, p. 288, 
is located at the center of the lower channel near the left end. 

Blow-off Connection. — A forged flange, Fig. 165, p. 282, is at- 
tached at the bottom of the boiler 6 ins. from the rear ring 
seam. 

Brackds. — Eight brackets of the type shown in Fig. 174, 
p. 294, are located in accordance with the discussion of Art. 69, 
p. 293. 

The following drawings, Figs. 185 and 186, have been prepared 
to accompany the foregoing calculations. 
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CHAPTER Yl. 

DESIGH OF A DRY BACK SCOTCH BOILER WITH 
COMBUSTION CHAMBER IH SHELL EXTENSION. 

In this chapter the complete design of a diy baek Scotch boiler 
will be worked out as iiii application of the principles laid down in 
the foregoing discussioD. 

The illustration, Fig. 187, ahows the usual form in which this 
boiler is manufactured. Partaking as it does of many of the 
characteristics of the marine Scotch boiler, it serves as a com- 
pact and efficient steam generator. It is easily transportable, 
requiring no other setting than a pair of structural steel cradles 
and the usual covering of insulating material. The outer shell, 
consisting generally of two courses, can be safely made of sufficient 
diameter and thickiiess to comprise the necessary internal heating 
surface while confining boiler pressures of considerable intensity. 
To give transverse strength to the shell the ring seams are usu- 
ally double-riveted lap joints. The longitudinal seams permit as 
much complication as is necessary to gain the requisite efficiency 
of joint. A corrugated furnace tube securely riveted to flanges 
in both of the tube sheets forms a receptacle for a long and rather 

irrow grate and provides at the same time heating surface of 

!at value. The furnace seams must be of the sbgle-riveted 
klftp type in order to withstand the intense heat. Even when so 
led, however, their durability is not great and a baffle arch 

frequently located, where the furnace joins the rear tulje sheet. 
'This expedient assists in mingling the products of combustion 
and protects the ring seam from o\erheating. The grate and 
bri^ waU are fastened in the furnace tube without puncturing 
the walls of the latter except in the case of two bolts close to the 
fire door. Since the ash-pan has but little value as heating sur- 
fsoe the grates are given a decided slope downward toward the 
bridge wall. 

In an extension of the shell at the rear is placed an external 

ibuBtion chamber built of fire brick with special slabs forming 

roof., This brick work, heated to incandescence, increases 

the vigor of the combustion and returns the hot gases to the 
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mouths of the boiler tubes. In the larger sizes of boilers two 
furnace tubes may be used communicating with a common com- 
bustion chamber. The furnaces hred in alternation thus assist 
one another in the consumption of smoke. 

The remaining space in the tube sheets below the limit of the 
water level is utilized for the insertion of boiler tubes. A targe 
circulation apace is provided over the furnace tubes and the 
individual spaces between tubes arc kept as large as possible 
consistent with obtaining the requisite heating surface. 

The upper portions of the tube sheets are not exposed to the 
products of combustion, hence comparatively thick plate may be 
used for these niemljers and correspondingly heuvy construction 
may be employed in the staying system. The latter consists of 
through rods carrjing hea^'j' eheck-nutted washers at their ends. 
The washers distribute the holding power of the rods over a 
lai^ area of plate so that diagonal stsiys are not necessary. Light 
angles are riveted externally to both the front and rear tube 
sheets in order to provide for the respective attachment of the 
uptake and combustion chamber i-oof. To give access to the 
exterior of the furnace tubes commodious handholes are provided 
at each side. In the case of double furnace tubes additional 
manholes are generally installed in the triangular spaces both 
above and below. A maphole in the top of the shell near the 
rear provides for the inspection and repair of the stay rods, Since 
a fairly high water level is carried in boilers of this type the with- 
drawal of steam is generally accomplished by use of a perforated 
dry pipe. A second steam nozzle is riveted to the shell to pro- 
vide for the attachment of the safety valve. The end sheets in 
the combustion chamber extension are bolted to place so that 
the brick work is entirely accessible for repair. 

73. Specifications. — The following general specifications are 
intended to apply to the design of any dry back Scotch boilcr. 

Skeli Plates. — Platts shall be of beat quality 0. H. Fu^lwx 
Steel, having the following qualities: 



Tensile Btrtngth, lbs, per aq. in.: 

Nol less than 

Not nmre than 

Yield point, min. lbs. per aq. in.. . . , O.fi T.S.^ 

f, .- ■ ■. ■ . 1. 500,000 ^3 
Elongation in 8 ins., nun. per cent ^ 
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' Htads. — Heads shall be ot best 0. H. Flange Steel, haviag the 
Uowing qualities: 

Tensile strength, lbs. per sq. iii.: 

Not leas than 5^000 

Not more thiin 65,000 

Yidd point, min. lbs. per aq. in 0.5 T.S. 

Elongation m 8 ins., inin, per cent ~TS — 

All heads shall be machine-flanged by the spinning process to 
1 inner radius not less than two times the thickness, and thor- 
ighly annealed. 

Rivets, — Rivets shall be of the best quality of soft steel accord- 
j to the following specifications: 

Tensile atrength, lbs. per aq. in. : 

Not less Ihfln 45,000 

Not more than 55,000 

Elongation in 8 ins., min. per cent, but need not exceed 

^ . 1,500.000 

30 per cent "^ri 

Shearing strength, Iba. per sq. in , 45,000 

Crushing strength (bearing prcBaure), lbs, per nq. in. 

o( projected area 90,000 

Rolling. — The plates shall be rolled cold by gradual and reg- 
ular increments to the exact radius required and the whole cir- 
cumference rolled to a true circle. Butt-straps shall lie rolled to 
the same radius as the shell in special forms made for that pur- 
pose. 

Planing. — The edges of the plates shall be beveled to an angle 
of about 75 degrees on a plate planing machine, After the heads 
have been flanged and annealed, the calking edge shall be turned 
off on a milling machine to the same Iwvel as the shell plates. 

Seams and Rweling. — The longitudinal seams shall be of the 
buttr-joint type with inside and outside covei- plates. The cir- 
cular or girth seams in the shell shall be of the double-riveted lap 
joint type; those at the ends of the furnace of the single-riveted 
lap joint type. I>ongitudinal seams shall come well up in the 
steam space of the t)oiler and shall break joints in the several 
courses. 

Rivets shall Ik? iV in. smaller in diameter than the holes they 
are intended to fill. All holes shall be drilled to size with alt 
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plates and cover plates in pliice, after the plates have Ijeen roUod, 
After drilling the boles the plates sliall be taken apurt and tbe 
burrs removed from the edges of tbe holes. Previous to the 
drilling the holes may be punched cold to a diameter J in. less 
tlian that to ivhich they are to be finished. All riveting shall 
be done with a hydraulic riveting machine wherever practicable, 
pressure being kept on each rivet until it ha^ taken its shrinkage 
to insure tight joints. Rivet heads on all machine-driven rivets 
shall Ije of tbe type ordinarily used in pressure work. Where 
necesaarj', the rivets may be pneumatically driven, the formed 
head taking the above shape, the other retaining its original 
shape. 

Calking. — All seams shall be carefully calked with a pneumatic 
hammer, using a round-nosed calking tool. 

Tubes. -~ Tubes shall be made of the best American lap-welded 
or seamless steel, arranged in vertical and horizontal rows with a 
wide central space for circulation over tbe furnace tube. 

Furnaces. — The boiler shall be provided with one corrugated 
furnace tube of the Morison suspended type securely riveted to 
Sanges in the front and rear tube sheets. The inside diameter 
shall be sufficient to secure the requisite grate area consistent 
with a reasonable length. The thickness of the furnace tube 
shall be such as to make it conform to the rules of the U. S. Board 
of Supervising Inspectors. 

Combustion Chamber. — The boiler shall be provided at its 
rear end with a combustion chamber 30 ins. deep in tbe clear. 
The rear wall of the combustion chamber shall be 9 ins. thick, of 
fire brick, the sides and bottom formed by laj-ing an inverted fire 
brick arch 4| ins, thick inside the dry back extension. The top 
of the combustion cliamber shall be made of fire brick tile slabs 
5 ins. thick, 30 ins. long and 15 ins. wide, with projetaions at the 
sides so as to interlock with one another. These slabs shall rest 
at their rear ends upon a corbeled-out portion of the combustion 
chamber wall and at their front ends upon a 3 ins. X 3 ins. X A in. 
angle riveted to the rear boiler head just above the top row of 
tubes. The fire brick lining may be chipped locally to accommo- 
date stay rod washers and an occasional tube. The shell of the 
combustion chamber shall be made of J in. boiler plate fastened by 
B. single-riveted lap joint to an extended portion of the main shell. 
Tbe frame for this chamlier shall be made of 2j ins. X 2J ins. X 
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W'A in- angles, with the lower plates riveted and the upper ones 
I bolted to place, the latter to give access to the cavity above the 
I tile slabs. A door 18 ins. wide by 15 ins. high shall be located at 
I the bottom of the combustion box and a liner I in. thick shall be 
l.'liveted to the angles forming the door frame. 
I Staying above Tubes. — Each head above the tubes shall be 
P'Btayed and the arrangement shall be such as to secure an even 
r.|tpacing of the stayed points and a good support for the entire 

■ Burface. The reaches of plate between stays in the tube sheet 
^ildiall not exceed in length those allowed for stay bolts on Sat 
rplates of similar thickness. The stay rods shall be so spaced as 
I to secure the most uniform loading possible. Through stay rods 
I shall be of weldlesa st*el type with upset threaded ends; they 

shall conform to the dimensions and specifications usually given 
for such members and shall pass through and be secured to the 
heads with standard nuts. Heavy steel boiler plate washers 
with beveled edges shall be used on the outside to distribute the 
Btretis and check-nuts of half standard thickness shall be used on 
the inside of the boiler. 

All rods above tubes shall be located far enough apart hori- 
zontally 80 that a man may readily enter the boiler through the 
manhole. 

Staying below Tubes. Whenever necessary, each head below the 

tubes shall \ie braced at the sides by one or more through rods of a 

type similar to that specified above. The front end of the stay 

rods shaL be upset and threaded. The rear end shall l>e upset 

and foi^d to the form of an eye and fastened by means of a pin 

to two steel angles securely riveted to the rear head, The angles 

1 be set off from the head at least 3 ins. by pipe thimbles on 

■the rivets so that the metal in the angles shall not be subjected 

B^o the heat of the fire. The front end of the rods shall pass through 

ud be secured to the front head by inside and outside nuts, and 

savy external beveled washers. When a handhole is in close 

Vproximity to a stay rod nut in the front head, the washer may be 

iocorporated with the reinforcing pad around the handhole and 

1 inside. In such a case the pad shall be riveted securely 

! tube sheet by rivets having heads countersunk on the 



[ iianAote in Shell.— One manhole 1 1 ins. X 15 ins. shall be located 
I the shell on top of the boiler, in the center of the rear course. 
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It ahaU have & pressed steel frame or ring securely riveted to 
the shell- It shall be fitted with a pressed steel cover, bolt and 
yoke, and a copper or rubber gasket. , The frame shall have a 
net crosa-sectioual area ou a line through its center parallel to 
the axis of the shell, the tensile strength of which is at least 
equivalent to that of the shell plate removed on the same line. 
The frame shall be riveted to the shell with two rows, of rivets. 
The resistance of the rivets in shear or in crushing on one dde 
of the longitudinal section through the center of the frame shall 
not be less than the tensile resistance of the plate removed on the 
same section. 

Handholes. — Two 5^ ins. X 8 ins. handholes shall be located in 
the lower part of the front head, one each side of the furnace. 
There shall Ije at least 2 ins. of clear plate all around each 
handhole, the same to be reinforced by a pad or ring of the same 
thickness as the head and at least 2 ins. in width. The ring 
shall be securely riveted to the tube sheet on the inside with 
the rivet heads countersunk and left smooth to form a seat for 
the handhole gasket. Provision shall be made for the use of a 
standard pressed steel handhole cover and yoke. 

Nozzles. — Two cast or foi^jed steel nozzles shall be machine- 
riveted to the shell for main st«ani and safety valve connections. 
The flanges which join the shell shall lie beveled and calked on 
the outside. 

Water Column Connedions. — Two holes of diameter specified 
shall be tapped for water column connections. The water con- 
nection shall be taken from a point in the right side of the shell 
near the horizontal diameter at least 8 ins. back from the front 
tube sheet and the steam connection from a similar point at the 
top of the shell. 

Feed Pipe Connections. — Upon the left side of the boiler at a 
level a little below that of the top row of tubes and about one 
foot from the front tube sheet, a forged steel pipe flange shall be 
riveted to the shell. The size of the flange shall l>e sufficient to 
accommodate a suitable feed pipe bushing. The feed pipe shall 
be screwed into this bushing from without and a male and female 
elbow with distributing pipe from within. The latter shall ex- 
lend about 4 ft. along the side of the boiler toward the rear and 
shall lie perforated on its lower side to throw the feed water into 
the circulation. 
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Bhuhoff Connedions. — A forged steel pipe flange shall be 
riveted to the bottom of the boiler near the rear end and tapped 
I to receive the size of blow-off pipe specified. 

Smoke Bonnet. — Provision shall be made by riveting 2\ ins. X 
I 2J ins. X 1*8 in. angles across the front head just above the tubes 
I and around the furnace opening for the attachment of a sheet- 
iron smoke bonnet. 

Fusible Plug. — A fusible plug of approved pattern, filled with 
pure tin, shall be located in the rear head of the boiler not less 
than 2 ins. a!»ve the top of the upper row of tubes. 

Test. — A hydrostatic pressure test (cold water) of one and 
i one-half times the working pressure for which the boiler is intended, 
shall be applied, and the boiler shall be suitably designed for 
tight joints under that pressure. 

74. Statement of Problem. — The solution of the following 
problem will be given in full. 

Oaijgn B dry back Scotch boilor with combustion chamber in shell exten- 
I BJon, la conform to the preceding spccificatioDH and to embody the following 
geneial dimenaionB: 

General Dimciisiou§: 

IUt«d Horse-Power (A.S.M.E. standard) 100 

Working I'reaaiire, iba. per sq. in 160 

Length of Tubes, f t . , 12i . 

Number of C<wrBe8 2 

Number of Furnaces. 1 

Diameter of Steam Nozzles (2), ins. , 6 

Diameter of Feed Pipe, ins IJ 

Diameter of Blow-off Pipe, ins 3 

Diameter of Water Column Conneotiona, ina IJ 

Kind of Coal BituminouB 

Types of Joint to be used: 

Ring Seam Joints Double- Riveted Lap. 

Furnace Joinla Single-Riveted Lap, 

1 Butt-joint with inside and out- 
side cover plates, having &a 
efficiency of at least 94 per cent. 

D««gn to include; 

Co) Coinptete calculations. 

(b) Working drawings fully dimensioned, of 

(1) Tube sheet, with staying. Scale, 3 ins. - 1 ft. 

(2) Boiler: end view, longitudinal section, development of joints. 
Scale, li ina. = 1 ft. 
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The following spedhc values of oonstants, for whidi a general dia- 
ciuHon is given in Chap. IV, will be aasumed. 

Rate of Evaporation, lbs. of water per lb. of ooal, about 9.5 

Rate of Combustion (bituminous coal), lbs. per sq. ft. of 

Grate Surface per hr., about. 18 

Ratio: Length to Outside diam. of Tubes, about 45tol 

Ratio: Internal Transverse Tube Area to Grate Area, about 1 to 6 

Steam Space per Boiler H.P., cu. ft., at least 0. 70 

Ratio: Steam Space to Wat^ Space, about lto3 

Heating Surface per Boiler H.P., sq. ft., at least 6 

Ratio: Heating Surface to Grate Surface, about 34tol 

Boiler Diameters to vary by increments of, ins 6 

Reach of Riveting Machine, ft 7 

Grate: Maximum Length, ft 6} 

Width equals internal diameter of furnace tube. 

Length may vary in increments of , ins 3 or 4 

Least Factor of Safety 5 

76. Calculations. 

Grate. — The number of pounds of water to be evaporated per 
hour may be obtained from the rated horse-power (A.S.M.E. 
standard, p. 5). 

100 X 34.5 = 3450 lbs. of water per hour. 

The coal to be burned per hour is found from the above and 
the rate of evaporation given. 

-^-r- = 363 lbs. of coal per hour, 
y.o 

From the rate of combustion the theoretical grate area is found 
to be 

^ = 20.18 sq. feet. 

Tubes, — The tube diameter for the given ratio of length to 
outside diameter is 

1^.5 X 1^ r> OO • 

7= = 6.66 ins. 

45 

Tubes 3.5 ins. in diameter will be used. 
From Table XXIX, p. 190, 

Internal circumference = 10.24 ins., 

External transverse area = 9.62 sq. ins., 
Internal transverse area — 8.35 sq. ins. 
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The total internal transverse tube area is computed from the 
theoretical grate area and the ratio given. 

— - — ^ = 484.3 sq. ins. 

The number of tubes to give this area is 

484.3 



8.35 



= 58.0. 



The best possible arrangement of this niunber of tubes will 
therefore be laid out upon the drawing. 

Furnace Size. — Try a grate 6 ft. in length. Corresponding 
width of grate will be 

2 0.18 X 12 .^ _ . 

^ = 40.36 ms. 

o 

Use grate 40 ins. wide. Assimied mean diameter of furnace 
tube may then be taken as 

40 + 2 = 42 ins. 

Furnace Tube Thickness. — Using Supervising Inspectors' Rule 
for Morison tubes, p. 207, 

42 X 15 
15,600" 

= 0.399 in. 

Use furnace tube -thickness iV in. From the standard propor- 
tions of Morison tubes. Fig. 117, p. 205, the actual outside diam- 
eter of the corrugations will be 

40 -h J + 3 = 43J ins. 

and the actual mean diameter will be 

40 + 43| .,,. . 
2 — ■ = ^^H ms. 

The actual outside diameter of the plain portion at the ends 
will be 

43J + i = 44i ms. 

Boiler Diameter. — The total volume of the boiler will be, 
from the original ratios. 
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Steam space, 100 X 0.7 = 70.0 cu. ft. 

Water space, 70.0 X 3 = 210.0 cu. ft. 

Tube space, r^r^o ^ 48.44 cu. ft. 

^ , T (41.94)2 X 150 ,,^^ ,^ 

Furnace volume, . w i^oq — == ^^^-^ cu. ft. 

Total 448.34 cu. ft. 

For a length of 12.5 ft. the corresponding area of the head 
will be 

448.34 X (12)2 



12.5 



= 5165 sq. ins. 



The latter figure corresponds to a diameter of 81.10 ins. To 
bring the diameter to a practical figure and make some allowance 
in the capacity of the boiler the diameter will be made 84 ins. 

Water Levels. — The normal mean water level is calculated on 
the basis of transverse areas. 

The area of an 84 in. circle is 5541.8 sq. ins. 

The external area of 58 tubes, 3.5 ins. diameter, is 

58 X 9.62 = 558.0 sq. ins. 

The transverse area of the furnace tube at its average external 
diameter is, Fig. 117, 

^ (43.88 - 1.5)2 = 1410.3 sq. ins. 

The total area to be subtracted from the transverse area of the 
shell will be 

558.0 + 1410.3 = 1968.3 sq. ins. 

The net area for steam and water will then be 

5541.8 - 1968.3 = 3573.5 sq. ms. 

Of this one-fourth is steam and three-fourths is water. There- 
fore the steam area equals 

— -7 — = 893.4 sq. ms. 

To determine the height of the segment 

A ^ 893.4 
i>2 "(84)2 
= 0.1266. 
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The corresponding ratio from the plot, Fig. 118, p. 213, is 

^ = 0.219, 
and h = 18.40 ins. 

This is the normal mean water level and the distance to the 
tops of the tubes will be, according to Table XXXVII, on p. 214, 

18t + 3 + 3i = 24J ins. 
or 42 - 24J = 17J ins. 

above the center of the boiler. 

The maximum level of the tubes to provide for a net steam 
volume of 0.7 cu. ft. of steam per horse-power is next found as 
follows: The area of the steam segment necessary to accommo- 
date 70 cu. ft. of steam in a boiler 12.5 ft. in length is 

— T^r-z — = 806.1 sq. ms. 

liW.O 

Then 

A ^806.1 
i>2 (84)2 

= 0.1142. 
The corresponding ratio from the plot. Fig. 118, p. 213, is 

^ = 0.203, 

whence h = 17.05 ins., 

giving a minimum distance to the tube tops of 23.55 ins. 

Thickness of Shell and Tvbe Sheet. — The desired shell thick- 
ness is readily obtained with the given data from the plot. Fig. 11, 
p. 57, where the joint efficiency is taken as 94 per cent. 

Thickness = 0.609 in. 

Use a thickness of shell equal to f in. The thickness of tube 
sheet will be assumed W'm., 

Tvbe Sheet Layout, — Before proceeding farther with the cal- 
culations, the arrangement of tubes must be determined from the 
tube sheet drawing. 

Locating the furnace tube as shown in Fig. 188, the general 
arrangement in regard to circulation and spacing is obtained. 
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It is seen that there is sufficient room below the normal tube 
level for the placing of but 56 tubes with a circulation space 
8 ins. wide above the furnace. This is probably near enough the 
theoretical number to give good results. 

Final Ratios. — Having established the steam and water vol- 
umes of the boiler, the ratios called for upon the tube sheet draw- 
ing, Fig. 188, will next be determined. 

The grate will be assumed 3 ft. 4 ins. wide by 6 ft. long, giving 
an area of 20 sq. ft. 

The heating surface inside of the tubes is 



56 X 10.24 X 150 
144 



= 597.3 sq. ft. 






The ash-pan sheet in the furnace tube has no special value as 
beating surface and hence will be excluded in the calculation. 
Taking the upper semi -circumference of the furnace tube as far 
back as the rear of the bridge wall and the entire circumference 
thereafter as valuable heating surface, the area, based on the 
average diameter, is computed as follows: 

Width of bridge wall equals 10 ins., width of dead plate equals 
7.5 ins- Fig. 182, on p. 302. 
Total distance to rear of bridge wall b, therefore, 
72 + 10 + 7.5 = 89.5 ms. 
Length of furnace tube beyond bridge wall is 
150 - 89.5 = 60.5 ins. 
The heating surface inside of the furnace tube computed from 
this data is therefore 96.42 sq. ft. 

The rear tube sheet as far up as the tube tops is very valuable 
heating surface since it is in direct contact with the hot gases of 
the combustion chamber. Subtracting the total transs'ersc area 
of the tubes and furnace from the segment thus exposed to the 
products of combustion, the area remaining ia 15.23 sq. ft. 
The total heating surface is, therefore, 

Tubes 597,3 sq. ft, 

Furnace 96.42 eq. ft. 

Rear head.. 15.23 sq.ft. 

Total 708-95 sq.ft. 

This quantity divided by the horse-power of the boiler indi- 
cates 7.10 sq. ft. of beating surface per borse-power. 
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Taking the original grate surface as 20 sq. ft. the ratio 

H ^ 708.95 
G 20 
= 35.45, 

which is close to the ratio specified in the problem. 
The internal transverse area of the tubes is 

56 X 8.35 ^ ^- .. 
— jjj — = 3.25 sq. ft. 

and the ratio 

C ^ 3.25 

G 20 

1 



6.15 

which closely approximates the data. 

Since the tubes are arranged to correspond exactly to the 
normal mean water level, the ratio of steam space to water volume 
or 

S _\ 
W 3' 

which was the original assumption. 

The volume of steam per horse-power should be based upon the 
actual level at which the tubes are placed. The segmental steam 
area as used in the calculation of the normal water level upon 
p. 336 was 893.4 sq. ins. Then the volume of steam per horse- 
power is 

S ^ 893.4 X 150 

H.P. 1728 X 100 

= 0.776 cu. ft., 

a figure well in excess of the stipulated amount. 

Disengaging Surface per Horse-Power. — With the tubes located 
in correct relation to the mean water level, the value of 

A ^ 18.38 
R 42 
= 0.438. 

Then from the plot. Fig. 119, p. 216, 

w 

P = 1.653, 

or to = 69.43 ins. 
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The net disengaging area per horse-power ia, then, 

69.43 X 12.5 



12 X 100 



= 0.723 Bq. ft. 



This figure is evidently sufficient as compared with the data 
given in Tabic XXXVIIl, p. 215. 

SlayiTig. — With an assumed thickness of tube sheet of \i in. 
the maximum allowable plate Bpacing from Table XXXIX, p. 
233, is 8.83 ins. Drawing a series of mean radials as explained 
in Fig. 137, p. 245, the medial line of the unstayed plate is 
determined. Assuming the washers 8 ins. in diameter and of the 
same thickness as the tube sheet, the arrangement shown in Fig. 
188 is found by experiment, The line op at the side indicates the 
limit to which the plate is inherently stiff. The washers are then 
spaced along the medial line so as to give approximately equal 
reaches of plate between their respective stiff circles and the rigid 
plate at the sides. The plate stayed by each washer is assigned 
by the method of loci explained in Fig. 139, p. 248. The larger 
areas held by the upper rods measure by planimcter 193.7 sq. ins. 
each of which corresponds to a gross load of 29,060 lbs. Referring ■ 
to Table XLIV, p. 246, it is seen that a stay rod with a shank 
21 his. in diameter is required, This diameter will be used for 
all the stay rods in the upper portion of the boiler. This size of 
rod caUs for an upset diameter of 2f ins. and carries a 2J in. 
standard hexagon nut measuring 4J ins. across the flats. The 
drawing intUcates the appearance of the staying with the above 
proportions. 

The diagonal of a square having the maximum plate spacing, 
8.83 ins., for its side measures 12.4!) ins. By trial upon the draw- 
ing it is found that no point in the stayed surface is more than 
half this amount distant from a point of support. 

The staying in the lower portion of the tube sheet has to be 
worked out by trial. The stiff lines for tube sheet and furnace 
fianges are indicated in Fig. 188. Mean radials to these two circles 
will run approximately to the point c midway between the centers 
a and b. By trial a position eg is found where the intercept fg cut 
off by the circles is equal to 8.83 ins., the maxunmn allowable plate 
spacing. Below this line tlip tube sheet will take care of itself but 
stajnng must be employed above. The stiff Unc of the tubes drawn 
in the usual manner defines the upper limit of the unstayed plate. 
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Let it be assumed that four rivets H in. in diameter are used, 
thimbles of 1 iii. pipe being inserted upon their shanks. The 
width of the eye at the end of the stay rod may be asaumed to bo 
1| ins. which will probably be sufficient for this case. 

Assuming two angles, Sj ins. X 5 ins. X I in., the necessary spac- 
ing between rivets would be about 4j ins. From the propor- 
tions of the area to be stayed the other dimension between 
rivets should be about 6 ins. Having drawn the arrangement as 
shown in Fig. 188, the plate to be allotted to each rivet may be 
defined by the method of loci explained in connection with Fig. 
139, p. 248. The total area supported by the four rivets equals 
78.84 aq. ina. made up of 22.64, 19.64, 19.28 and 17.28 sq. ins. 
upon the respective rivets. The area which a \t in. rivet will 
safely sustain from Table XL, p. 235, is 27.62 aq. ins., hence all 
the above rivet loads are safe ones. The total rod load corre- 
sponding to the above area is 11,830 lbs. By reference to Table 
XLIV, p. 246, it is evident that a stay rod I§ ins. in diameter 
is indicated. Since a large portion of the area included in the 

, above calculation lies near the stiff Bangesof the tube sheet, a rod 

' l\ ins. in diameter will be considered adequate. There is no reach 

. of unstayed plate in this arrangement greater than 6.24 ina., half 
the diagonal of the square to which reference was made above. 
The stay rod passes to the front head at a shght angle and is an- 
chored in an extension of the handhole pad. The staying having 
been satisfactorily designed, the tentative tube sheet thickness, 
ti in., will be accepted. 
Riveted JoitUs. — There are three riveted joints demanding 

' attention in this boiler, vk.: the longitudinal sejim, the external 

\ ring seam and the furnace scam. The latter is exposed to the 
fire and hence its calking limit must be established by reference to 

' the ^5Ures upon p. 132, The external seams are cool and there- 
fore long pitches may bo used. 

In selecting a joijit it is to be noted that an efficiency of at 

I least M per cent is required. Joint 0, the proportions of which 
are given in Table XXI, will be used therefore for the longitudinal 
1. The external ring seams will be double-rivctetl lap joints, 

[ Table VIII, and the furnace seams single-riveted lap joints, 

} Table VII. 

The following data are necessary m ascertaining the pitch and 

[ laps for the various joints: 
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ThicknesB of shdl ,,.,.. ... . ... ( i 

Thickness of tube sheet H •' 

Thickness of furoBCe tube A '' 

Thiekneas of inside cover plate 1 

Thickness of outside cover plate to be governed by the 
neccasities in regard to calking. 

With a rivet 1 ^ ins. in diameter the pitch as taken frotn Ta 
XXI is 19.39 ins. The calking pitch along the outer row i 
therefore bo 



Referring to Table XXIII, p. 173, it is noted that the limit 
of calking for a working pressure of 150 pounds with li^a in. 
rivet is 5.03 ins. and that with this figure an outer cover plate at 
least ^j in. in thickness must be used. The joint will therefore 
be made up with such iin outside cover plate since the thickness 
of the latter does not directly affect the value of the pitch. The 
efficiency of this joint is 94.5 per cent, a figure well in excess of 
that specified in the requirements. 

The rivets in the outer rows of this joint fail by shearing and 
those upon the imier by crushing, hence the following lap values 
may be determined: 

Inside cover plate. Table III. 1.61 ins. Uaelliiu. 

Outside cover plate. Fig. 76, - ^ LI L42 ins. Use 1^ im. 
Main plate- Table IV- 1.75 ins- Use 1 J ins. 

Starting at the center of the joint the first row of rivets is 
located by the lap value given above. The second row is placed 
2i ins, from the first as found graphically by the method of 
Fig. 52, p. 101. To provide clearance for calking, the third row 
is driven at a distance of IJ ins. from the edge of the outside 
cover plate. To allow sufficient room for driving, the distance 
between the outer rows is made 2J ins. 

The pitch for the double-riveted ring seams using rivets I^^ in. 
in diameter as taken from Table VIII is 3.39 ins. and the corre- 
ap<jnding efficiency 68.6 per cent. The distance between the 
staggered rows in this joint as found from formula (72). p. 100, is 
1,98 ins. The rows will be spaced 2 ins. apart. The circumfer- 
ence of a circle 84 inches in diameter is 263.9 ins. Dividing the 
latter by the pitch indicates 77.8 spaces in the ring seam. To 
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make this number a multiple of four the total number of ring 
seam pitches will be made 80, corresponding to a pitch value of 
3.30 ins. and an efficiency of 67.9 per cent. The latter figure is 
calculated from equation (7S), p. 114, since the pitch has beeD 
elightly reduced. The lap for the ring seam must be based upon 
the shearing of the rivets. The value from Table III, p. 137, 
for plate having a thickness of | in. and rivets lA ins. in diam- 
eter is 1.49 ins. A lap U ins. wide will be used. 

The single-riveted lap joint A, Fig. 83, used for the furnace 
seams would generally employ a smaller diameter of rivet in order 
to place less metal in the region of the fire. Selecting therefore 
for this joint a rivet If in. in diameter, the pitch from Table VII, 
p. 157, is 2.23 ins. This would give a net distance p — d be- 
tweeu rivet shanks of 1.29 ins. which is below the usual amount 
allowed in fire seams as indicated upon p. 132. The efiSciency of 
this joint with the above theoretical pitch is 57.9 per cent. The 
circumference of a circle having a diameter equal to that of the 
outside of the furnace end is 138.6 ins. The pitch of this joint 
can safely be increased to 

1.375 + 0.938 = 2.313 ins. 

Dividing the circumference of the furnace seam by the latter 

quantity it is evident that 59.9 spaces may be used. In order to 

L make the total number of pitches divisible by four, 60 spaces 

Rlrill be used, the corresponding distance between rivet cenlere 

pVing 2.310 ins. 

The efficiency of this joint having an arbitrarily increased 
jBtch is dependent upon the shearing failure of the rivets. 
Referring to formula (79), p. 115, 



V = 



(0.69) (45.000) 
(2.310) (tV) (55,000) 
0.559 or 55.9 per cent. 



9 efficiency is well in excess of that usually required for ring 
B and hence is satisfactory. 
* the pitch has been arbitrarily increased in this seam, the 
> will be based upon the single shearing of the rivets rather 
1 tearing of the plate. Its value from Table III, p. 137, for 
e /( in. in thickness with rivets \l in. in diameter, is 1,42 ins. 
,p of 1^ ins. will be used. Since it is desired to keep the metal 
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in this joint to the lowest possible amount consistent with sire 
a different lap will be used in the tube sheet flange, based 1 
the thickness of the latter. By reference to the same f 
under \l in. plate and IS in. rivets, the lap value is found | 
1.23 ins. A lap of 1} ins. will be used. 

Insertion of Longitudinal Joint, — The length of plate bett 
the inner rows of rivets in the tube sheet ring seams, as i 
mined upon the drawing, ia 154.5 ins. From this must 1: 
ducted 2 ins., the distance between the staggered rows ( 
middle ring seam, leaving a net length of 152,5 ins. The pitl 
of the longitudinal joint must be arranged to fill this space n 
out seriously altering the efficiency. Since the plate ttiictq 
ia HO great the form of joint end shown in Fig, 82, p. 144, \ 
used. The total number of small pitches will then be 



152.5 



= 31.45. 



Trj'ing 32 pitches, the exact value of the latter will be 
152.5 



32 



= 4.765 ins. 



and the corresponding longitudinal pitch 19.06 in.s. If the| 
spaces ;>, are not contracted the efficiency will be 

19.06 - 1.06 



19.06 



= 0.9445, 



or 94.5 per cent, a figure somewhat in excess of the stij 
amount. By slightly displiicing two inside rivets at the 
each joint as shown in the drawing, room for assembling 
driving all the rivets will be secured. The two seams, each con- 
taining four long pitches, are therefore identical and the design 
may be considered satisfactory. 

The drawing shows the attachment of the steam nozzles, man- 
hole, feed and blow-off pipes, and water column connectiona 
called for in the specifications. The smoke bonnet is geuerdljT 
dependent for its exact arrangement upon the external concti^ 
tions surrounding the boiler, hence it has not been shown. An 
accurate location of the fusible plug in the rear head requires the' 
roof of the combustion chamber to l>e placed so high as to cott- 
flict somewhat with the stay rod nubs. The brick work va^ fa 
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chipped slightly, however, to provide the necessary clearance 
room. 

In accordance with the above calculations the tube sheet draw- 
ing, Fig. 188, and the working drawings, Fig. 189, have been 
prepared. 
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CHAPTER \1I. 

&SIGN OF A VERTICAL STRAIGHT SHELL MULTI- 
TUBULAR BOn,ER. 

f The specifications and couipiete design of a. straight shell uiuiti- 
nbular Ixjiler, similar to the one descrilwd below, are given in this 
lapter. 

A vertical straight shell tubular boiler ia shown in Fig. 190. Aa 
its name signifies the external shell is cylindrical and straight 
throughout its length. This gives a larger steam space and less 
favorable conditions for superlieating than in the other types 
of vertical boilers, viz., the tapered course and Manning. The 
facilities for inspection, however, are much better than in the lattor 
types. The external shell is in three courses. The upper courses 
arc preferably identical, with multi-riveted butt-joints. They 
may l)e made of any desired thickness since they do not come in 
contact with the fire. The lower course, or external furnace sheet, 
is usually thinner than the other courses since the numerous stay 
bolts materially reinforce it. The joint is of the butt-type with 
outside cover plate only. The boiler being under no transverse 
strain, single-riveted lap joints suffice for ring seams throughout. 
The furnace is contained within the shell and consists of rather 
thin boiler plate with a single-riveted lap joint for its vertical seam. 
The bottoms of the internal and external furnace sheets are se- 
curely riveted to the mud-ring — a wrought iron or soft steel ring 
of rectangular cross section. The lower tube sheet, or crown sheet, 
is riveted to the top of the furnace. The upper tube sheet is of 
the ordinary type. Numerous tubes of rather small diameter 
arranged in straight lines give both water-heating and superheat- 
ing surface and form a direct course for the fiames from the grate 
to the uptake. To permit of inspection the tubes are kept back 
alxiut one foot from the shell. This leaves the outer portion of the 
upper tube sheet unstayed and a circular row of diagonal braces ia 
necessary to support it. A few tubes are usually omitted opposite 
the manhole and additional braces may be required to support the 
plate thus left unstayed. To avoid the use of ataj-s in the lower 
tube sheet, the furnace sheet is tapered about two inches from the 
347 
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bottom to the top, thus bringing the stiff tube sheet fiange fairly 
close to the tubes and itiakiug braces luoeeessary. Numerous 
screwed stay bolts headed over cold on the inside and outside 
connect the furnace sheet*, thus preventing the inner one from 
collapsing and the outer one from bulging. The grate is on the 
level of the mud-ring and is usually of the segmental type, al- 
though the larger boilers may use the seetor pattern. Allowance 
must be made for expansion, hence the grate diameter is somewhat 
less than that of the bottom of the furnace. 

The furnace rests on a cast iron ash-pit frame with double doors. 
A fire door is supported by a frame fastened to the lower course, 
A manhole in the middle course provides an entrance to the boiler 
for inspection. Two steam nozzles are placed near the top of the 
boiler on opposite sides, one for the steam pipe and one for a 
safety valve. Since sediment will collect on horizontal suKaces 
handholes arc located to give access to such surfaces, i.e., the mud- 
ring, the crown sheet and the flanging over the fire door- A feed 
pipe Bange with bushing serves as a coupling between the external 
and internal feed pipes. Provision is also made for water column 
and blow-off connections. One extra heavy tulie is inserted with a 
small fusible plug to give warning of low water and overheating. 
A smoke bonnet is riveted to a structural angle which in turn is 
riveted to the upper tube sheet. 

76. Specifications. — The following general epecificationa 
apply to vertical boilers as a class: 

Shell Plates. — Plates shall be of the best quality O. H. Fiij 
Steel, having the following qualities : 



Tensile strength, lbs. per sq, in.; 

Not less than , 

Yield point, min. lbs. per sq. in , 0.5 TS. 

1,11100,000 

T, a. 



H. Fi^^^ 

52,000'^^* 



EloDgatiot 



1. per cent. 



Heads. — HeAcls shall be of l>est 0, H. Flange Steel, having the 
following qualities: 

Tensile strength, lbs. per aq. in.: 

Not less than . . 55,000 

Not mort' than 65,00Q_ 

Yield point, min. lbs. per sq. in O.BT 



Elongatioi 



I. per cent. . 
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All heads are to be machino-flanged by the spinning process to 
^»ji ioncr radius not less tbaii twice tbc thickness, and thoroughly 
^^onealed. 

Rivets. — Rivets shall be of the best quality of soft steel accord- 
»iig to the following specifications: 
Tensile Htrength, lbs, per aq. in.: 

Not less thun 45,000 

Not more than 55,000 

Elongntion ia S Ids., iiiin. per cent, but need not exceed 

™ , 1,.W0,000 

^1^^*=^"^ ^t:s- 

Shearini; strength, Iba. per sq. in 45,000 

Crushing strength (bearing proeurc), lbs. per sq. in. of 

projected area 00,000 

Seams arid Riveting. — The external vertical seams shall be of 
i butt-joint type with inside and outside cover plates. The 
Feular or girth seams in the shell shall be of the single-riveted lap- 
int type; the furnace seara shall be of the single-riveted lap-joint 
The shell seam outside of the furnace shall be of the doublo- 
d butt-joint type with outside cover plate only. The vertical 
s shall break joints in the several courses. 
itivets shall be -^ in. smaller in diameter than the holes they are 
9 fill. All holes shall be drilled; i.e., they shall be punched j in. 
small and then drilled to size with all plates and cover plates in 
place, after the plates have l)een rolled. After drilling the holes 
the plates shall l>e taken apart and the burrs removed from the 
edges of the holes. All riveting shall be done with a hydraulic 
riveting machine wherever practicable, pressure being kept on 
each rivet until it has taken its shrinkage to iusure tight joints. 
Rivet heads, on all machine-ilriven rivets, shall l« of the type 
ordinarily used in pressure work. Where necessary, the rivets 
niuy be pneumatically driven, the formed head taking the above 
shape, the other retaining its original shape. 

Rolling. — The plates shall be rolled cold by gradual and regular 
uicrements to the exact radius re<iuired and the whole circum- 
ference rolled to a true circle. Butt straps shall be rolled to the 
same radius as the shell in special forms made for that purpose. 

Planing, — The etlges of the platt« shall Ijc l»eveled to an angle 
of about 75 degrees on a plate planing machine. AfU.'r the hea^^ls 
have boon flanged and umiejiletl, the calking edge shall be turned 
off on a mill to the same ImjvcI ud the shell plates. 
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Calking. — All seams shall l»e carefully calked with a pneumatic 
hammer, using a round-nosed calkiag tool. 

Tubes. — Tubes ahal! he made of the best American lap-welded 
or seamless steel and arranged in straight rows at a uniform dis- 
tance apart. To assist in cleaning, two wide avenues at right 
angles to one another shall be left through the tube arrangement. 
The tubes in general shall have at least one inch of clear water 
around them and the avenues shall be at least 3 ins. wide in the clear. 

Tube holes shall be punched not over one inch in diameter and 
drilled to size with a revolvmg cutter, and the edges chamfered 
to a radius of iV in- Tube ends shall be carefully expanded and 
beaded over with pneumatic tools. 

Staying of Upper Tube Shed. — The upper head outside of the 
area occupied by the tubes shall be stayed and the arrangement 
shall be such as to secure an even spacing of the stayed points 
and a good support for the entire surface. The reaches of plate 
between stays in the tube sheet shall not exceed in length those 
allowed for stay bolts on fiat plates of equal thickness. The 
stays shall be so spaced as to secure the most uniform loading 
possible. Braces shall be of an approved weldless steel type, 
securely riveted to shell and head and shall conform to the stand- 
ard dimensions and specifications for such stays. The greatest 
allowable angle between braces and shell shall be 20 degrees. 

Slaying in Water Legx. — The sheets of the internal furnace shall 
be thoroughly stayed to the out«r shell in a regular and syste- 
matic manner. The stay bolts shall be arranged in squares and the 
spacing shall not exceed that allowed on flat plates of equal thick- 
ness. The material and proportions of the stay Iralts shall be those 
specified for standard solid boiler stay Iwlts. The seams in the 
inside and outside furnace sheets shall not be in close proximity to 
one another. A vertical row of stay bolts shall be located near the 
aingle-riveted lap joint in the inside furnace sheet, The stay bolts 
shall be swurely headed over cold upon the inside and outside by 
a pneumatic riveter. The outside furnace sheet shall extend as 
high as the lower tube sheet. A slope of not over 2 ins. from 
mud-ring to lower tube sheet shall be permissible in the internal 
furnace sheet so as to avoid unstayed plate in the lower tube sheet 
outside of the tubes. 

Mud-Ring. — The mud-ring shall be a welded continuous ring 
of rectangular cross-eectiou shajied to an accurate circle. Holes 
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P ^ 



■for the rivets shaL be (trilled accurately and in a true radial 
direction. 

Manhole. — One 1 1 ina. X 15 ins. inanliolo shall be located in the 
shell on the front of the boiler, in the center of the middle course. 
It shall have a pressed steel frame or ring and shall be fitted with 
a pressed steel cover, bolt, yoke and a copper or rubber gasket. 
The frame shall have a net cross-sectional area on a line through 
its center parallel to the axis of the shell, whose tensile resistance 
is at least equivalent to the tensile resistance of the shell plate 
removed on the same line. 

The frame shall lie rivetetl to the shell with two rows of rivets. 
The resistance of the rivets in shear or in crushing on one side of 
the longitudinal section through the center of the frame shall not 
be less than the tensile resistance of the plate removed on the same 

;tion. 

Handkdea. — Handholes shall be located near the bottom of 
the middle course so placed as to conununicate with the avenues 
in the tubes. Handholes shall be located near the bottom of the 
external furnace sheet to facilitate cleaning the bottom of the water 
leg. These handholes shall be symmetrically spaced. One hand- 
hole shftll be located directly alx)vc the fire door. 

NoezUs. — Two cast steel nozzles of approved design shall be 
machine-riveted to the shell for main steam and safety-valve 
connections. The flanges which join the shell shall be beveled and 
calked on the outside. They shall be placed about 180 degrees 
from one another and located about 12 ins. below the top ring seam. 

Feed Pipe. — About halfway between the manhole and ring 
next above, a feed pipe flange and busliing shall be located. 
Tb& entrance shall be in line with one of the avenues in the tubes. 
An internal feed pipe screwed into the bushing from within shall 
peas to the center of the boiler. The size of pipe specified shall be 
used throughout. 

BlovMiff Connection. — A blow-off pipe of the specified size shall 
be located as low as possible over the mud-ring. A reinforcing pad 
(rf the same thickness as the external furnace sheet shall be securely 
to the latter. In general, several of the mud-ring seam 
its and one or two stay bolts are used in attaching the rein- 

Water Column Connections. — In the side of the upper courses, 
tappings of the size specified for the water column cormections 
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shall be located about 7 ft. apart vertically, and so arranged as to 
readily accommodate the meaii water level. To reinforce the 
holes either pads of boiler plate or standard flangea may be used. 

Fusible Plug. — In a place conveniently accessible an extra 
heavy tube shall be inserted. A fusible plug shall be screwed 
into this tube from the outside with its center located at least one- 
third the tulx! length above the lower tube sheet or crown sheet. 
Room shall be provided to use a small wrench in screwing home 
the plug. The fusible core shall be so tapered aa to withstand the 
pressure as it is applied in this case. 

Svioke Bonnet. — With as large a diameter as possible a 2 ins. X 
2 ins. X A in. angle iron shall be rivcttd to the top tube sheet. To 
this angle a sheet iron uptake shall be riveted having an opening 
through the top or side, the area of which is about 90 per cent of 
the internal transverse tube area. 

Fire Door Opening. — The internal and external furnace sheets 
shall be flanged out a sufficient distance to bring the fire door seam 
within reach of the riveting machine. The opening shall be ellip- 
tical in shape and shall measure 19 ins. X 24 ins. in the clear. Four 
tapped holes shall be provided to attach the door frame. 

Ash-PU. — A ciist iron ash-pit frame shall be provided with 
double dooi's. The top where the raud-ring rests shall be narrow 
enough so that leakage in cither the internal or external raud-ring 
Hcain may be calked tight without lifting the boiler, 

77. Statement of Problem. — The calculations necessary in 
connection with the design of a vertical straight shell boiler 
follow : 

Design a vertical straight shell niultitLlbuIaj boiler to conform to the pre- 
cctliog s|iecificatiotis and to embody the following general dimeasionii: 
General DimenBionB: 

Rated Horee-Power (A.S.M.E. Btandard) 160 

Working PreBsurc, lbs. per sq. in ISO 

Length of Tubes, ft IS 

Number of Courses 8 

Diameter of Steam NoBilea (2), ins S 

Hondholes Number Sii«, tos. 

Mud-ring. 6 2|X H.'l 

Crown Bheet, 4 4X ft 

Fire door, 1 2| X H ^ 

Di&meter of Food Pipe, ins H j 

Diameter of Blow-off Pipe, ins , , 

Diameter of Water Column Conaectioos, ins. 'tfl 



CALCULATIONS i 

Type of Slaying tor upper Tube Sheet Diagooal 

Kind of Coal BituniinouB 

TypcB of Joint to be used: 

Ring Seam JoinU Single-Riveted Lap. 

Vertical Joints: [ Butt-joint with ineiile and out- 
Two Upper Courses j side cover platea, having an effi- 

'cioncyof at least 93 per ccnti 

Outaide Furnace Sheet Butt-joint with outside cover 

plate only. 

Inside Furnace Sheet Single- Riveted Lap. 

Design to include: 

(a) Complete calculations. 

(b) Working drawings, fully dimensionod, of 

(1) Tube sheets. Flan drawing lowing half view of upper and 
half of lower tube sheet, including staying and tube arrange- 

Scale 3 ins. = 1 ft. 

(2) Boiler. Half plan, half inverted plan, front elevation and 
development of joints. Scale 1} ins. = 1 ft. 

The following specific values of ratios and confllants, for which a 
il discusaion is given in Chap. IV, will be asBiuned: 
Rate of Evaporation, lbs. of water per lb. of coal, about. . . S . 5 

Rate of Combustion, lbs. per sq. ft, of Grate Surface, per 

hr., alwut 18. S 

Ratio: Length to Outside Diani. of Tubes, about 72 

Ratio: IntemalTransvereeTube Area to GrBt« Area, about I : 5.5 

Steam Space per Boiler H.P., on. ft., at least 0.80 

Ratio: Steam Space to Water Space, about 1:3 

Tot^ Heating Surface per Boiler H.P,, sq. ft., not less than 12 

Batio: Water and Superheating Surface to Grate Surface, 

about , 60 

Ratio: Wnt«r Heating Surface to Grate Surface, about. . . 45 

Ratio: Superheating Surface to Water Heating Surface.. . 1 :3 

Reach of Riveting Machine, ft 8 

Grate Diameters vary by inches. 

Least Factor of Safety , S 

Height of Furnace, alwut J Diameter of Grate. 

Width of Space outaide of Tubes for inspection, ins., 

about 12 

Grate Surface per 11, P., sq. ft, about 0.20 

78. Calculations. 

Graie. — From the given horse-power and the 3tand,'ird A.S.W 
rating, p. 5, the wat*T evaporatetl per hour is found to be 
150 X 34.5 = 5175 lbs. per hour. 
With the given nite of evaporation this will correspond to 
—^ = 544.7 lbs. of coal per hour. 
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- 29.4 sq. ft. 



T hour, 

4 



Since each square foot of grate burns 18.5 lbs. of coal per hour, 
the theoretical grate area will 
544.7 
18.5 ' 
The diameter corresponding is 73.5 ins. 
Use grate diameter, 74 ins. Area 29.88 sq. ft. 
Furnace Dimensions. — With one-half inch clearance, the inside 
diameter of the furnace at the mud-ring is 75 ins., and at the top, 
71 ins., allowing a 2 in. taper for the furnace. The furnace height 
is I X 74 = 55J ina. Use 56 ins. 

DiamcUr of Boiler, — The thickness of the inside furnace sheet 
may be taken as I'g in., and the outside furnace sheet as ^^ in. 
Then the boiler diameter will be 

75 + 1 + 6+1 = 83 ins., 
allowing for a mud-ring 3 ins. wide. 

Tvbes. — The diameter of the tubes, from the ratio given, i 
15 X 12 
70 



= 2.57 ins. 



Tubes 2j ins. in diameter will be used. 
From Table XXIX, p. 190: 

InteriiHl circumrerence — 7, 17 in*., 

External transverse iiroa =4.91 sq. ins.. 
Internal transverse area = 4.0!) sq. ins. 

Internal transverse tube area, from the ratio given, is 
Grate Area ^ 29.88 
5.5 5.5 

= 5.44 sq. ft. or 78^5 sq. ins. 
The number of tubes required to give this transverse area will be 

11 = ■»'■'• 

Use 191 tubes as a trial number in the tube sheet lay-out, 
Waier Levels. — With the data already found it is desired to 
determine how great a discrepancy there may be between the water 
levels as obtained from the ratio of steam space to water space 
(normal mean water level) and the water level which will secure the 
required steam space per horse-power (maximum mean water level). 
The relation of these water levels will give the designer an idea aa 
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lo necessary changes. Should they come reasonably close, it 

remains to determine whether or not the other ratios depending 

upon water level are satis&ed, and which level will satisfy them 

best as a whole. 

The total volume of the boiler is 

(Tube length + height of furnace) {Area 83 in. circle) 

(15 X 12 + 56) (5411) = 1,277,000 cu. ins. or 739.1 cu. ft. 

The furnace volume is 

(Height of fumEice) (Area 73 in. circle) 

56 X 4185 = 234,400 cu. ins. or 135.5 cu. ft. 

The volume of 191 tubes per foot of length is 

191 X 4.91 X 12 = 11,254 cu. ins. or 6.51 cu. ft. 

The total volume of tubes is 

6.51 X 15 = 97.65 cu. ft. 

Subtracting the volume of tubes and furnace from the total 

Toliuue we find the steam space plus the water space to lie 

739.1 - 135.5 - 97.7 = 505.9 cu. ft. 

The steam space is to be one-fourth of this or 

505.9 ,-„ , ,, 
— T— = 126.5 cu. ft. 
4 

Let the height of steam space necessary to give this volume be 
X a., then 

^'^^ 6.511 = 126.5, 



144 



31.07 r= 126.5, 

X = 4.07 ft. 



' 48.S4 ins. 



Irfaich is the distance of the normal mean water level from the top 
tube sheet. 

Allowing 0.80 cu. ft. of steam space per horse-power, the steam 
Bpace should be 

150 X 0.80 = 120 cu. ft. 

To find the height x necessary to give this volume note that the 
nlume of the boiler per foot of length, exclusive of the tubes, is 

^-6.51 = 31.07 cu. ft. 
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Then 

31.07 x = 120, 

X = 3.86 ft. or 46.32 ins. 

which is the distance of the maximum mean water level from the 
top tube sheet. 

As the amount of water heating surface in this type of boiler is 
rarely as much as might be desired and the superheating effect is of 
minor importance, the higher of the two water levels will be selected. 

Trial Healing Surface. — The heating surface of the furnace, 
based on a mean diameter of 73 ins. is 

229.3 X 56 = 12,840 sq. ins. 

The water heating surface of the tubes is 

191 X 7.17 (180 - 46.32) = 183,100 sq. ins. 

The heating surface of the lower tube sheet is 

Area 71 ins. circle — external transverse area of tubes 
3959 - 191 X 4.91 = 3021 sq. ins. 
Total water heating surface is 

12,840 + 183,100 + 3021 = 198,961 sq. ins. 
The superheating surface of the tubes is 

191 X 46.32 X 7.17 = 63,400 sq. ins. 
The superheating surface of the upper tube sheet is 

Area 83 ins. circle — external transverse area of tubes 
5411 - 191 X 4.91 = 4474 sq. ins. 
The total superheating surface is now known to be 

63,400 + 4474 = 67,874 sq. ins. 

The several ratios may now be determined to ascertain if any 
radical change in design is necessary. 
Total heating surface per horse-power is 

198,961 + 67,874 



144 X 150 



= 12.35 sq. ft. 



which is a satisfactory figure. 

The ratio of superheating surface to water heating surface, 
desired as 1 to 3, is 

67,874 1 

198,961 2.93' 

which is a reasonably close approximation. 
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Tkidmeaa of Shell, Tube SkeeUt and Furnace Sheet. — With a 

int efficiency of 93 per cent the thickness of shell is found from 
plot, Fig. 11, p. 57, by interpolatioii to be 0.61 in. 

The shell thickness will be taken | in., the furnace sheets, aa 
already mentioned, will be tV in- and i^ in. respectively. The 
thickness of the crown sheet will be made -^g in. and the upper 
tube sheet -ft in. 

Twie Sheet Lay-out. — The arrangement of tubes is now deter- 
mined in accordance with the principles laid down in Art. 66, p. 
228. It is found that 197 tubes may be used to advantage. The 
aix additional tubes will not materially affect any ratios previously 
found. They will, indeed, tend to Increase the heating surface 
which is desirable. 

Final Ratios. — The final ratios called for on the tube sheet 
drawing may now be computed and compared with those given in 
the problem. 

Grate Area, G. — The grate area will be 4301 sq. ins. or 29.88 
aq. ft. as already determined. 

Internal Transverse Tube Area, C. — The internal transverse tube 

ea amounts to 805.7 sq. ins. or 5.60 sq. ft., this being the cross 
Jection of 197 tubes, at 4.09 ins. per tube, 

HefUing Surface, H. — The heating surface is of two kinds, iriz., 
ivater heating surface, W.H.S., and steam heating surface or super- 
.beating surface, S.H.S. 

The water heating surface will comprise, (a) the inside surface 
of the tubes to the mean water level, (b) the furnace sheet, (c) the 
crown sheet, exclusive of tube sheet holes. These several quanti- 
ties are: 

(a) 197 X 7.17 {180 - 46.3) = 188,850 sq. ina. 
(6) 229.3 X 56 = 12,841 sq. ins. 

(c) 3959 - 197 X 4.91 = 2,992 sq. ms. 

W.n.S. = 204,683 sq. ins. or 1421.4 sq. ft. 

The superheating surface consists of the remaining tube area 
ud the top tube sheet exclusive of the tube sheet holes, or 

197 X 7.17 X 46.3 = 65,400 sq. ins. 
5411-197x4.91 = 4,444 sq. ins. 

S.H.S. = 69,844 sq. Ins. or 485 sq. ft. 
iceK= 1421.4+485 = 1906.4 sq. ft. 
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Steam SpacCf S. — The steam space will be the volume of the 
boiler above the mean water level minus the tube volume in this 
space. This is readily obtained by multipljdng the superheating 
surface of the top tube sheet, already found, by the distance down 
to the mean water level. 

S = 4444 X 46.3 
= 205,760 cu. ins. or 119.1 cu. ft. 

Water Space, W. — The water space includes the entire volume 

of the boiler, minus that occupied by the tubes, furnace and steam 

space. 

Vol. of boiler = (180 + 56) (5411) 

= 1,277,000 cu. ins. 

Vol. of furnace = Mean area X Height 
or 4185 X 56 = 234,400 cu. ins. 

Vol. of tubes is 

197 X 4.91 X 180 = 174,100 cu. ins. 

Steam space = 205,760 cu. ins. 
Hence 

W = 1,277,000 - 234,400 - 174,100 - 205,760 

= 662,740 cu. ins. or 383.5 cu. ft. 

The several ratios may now be obtained and compared with 
those desired. 

H 1906.4 



(2) 



(3) 



(4) 



(5) 



G 29.88 




= 63.8 (actual) . . . 
W:H.S, 1421.4 


. . . 60 (desired). 


G 29.88 




= 47.6 (actual) . . . 
S,H,S, 485 


. . . 45 (desired). 


W,H.S, 1421.4 

1 
2.94' 






.S 119.1 




W 383.5 




= ^ . (actual) . . . 


... J (desired). 


S 119.1 





H.P. 150 

= 0.795 (actual) 0.80 (desired). 
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{A\ C _ 5.60 

^"^ C 29.88 

= ^-TT (actual) ^(desired). 

H _ 1906.4 

^'' II. P. 150 

= 12.7 (actual) 12+ (desired). 

.„ G _ 29.88 

^^^ ay.- 150 

= 0.20 (actual) 0.20 (desired). 

Staying. — The centers of the diagonal braces, Scidly, Fig. 140, 
p. 250, for the upper tube sheet are place<l halfway between the 
tube stiff line, a line approximately one-half the tube radius from 
the centers of the outside tubes, and the flange stiff line. From 
the drawing the radius of the stay rivet circle is found to be ^^j 
ins. The width of the space to he supported by stays is 5j ina. 

Tlie diameter of the rivets used in the braces is | in. and the 
upper tube sheet is ^g in. thick. The following quantities should 
be noted for this rivet diameter and plate tliickness, at the given 
working pressure : 

Maximum spacing of stayed points as regards plate, Table 
XXXIX, p. 233, 7.22 ins. 

Area that one rivet will support. Table XL, p. 235, 24.05 sq. ins. 

The area which may be allotted to the two | in. rivets of one 
brace is 48.10 sq. ms. 

The length of area b\ ins. wide which the two rivets will support 

is then 

48.10 ^ „„ . 
— 5 = 9.38 ins. 

To find the length of area which one stay can safely support, 
assume the angle of the stay with tul>o sheet to be 80 degrees, and a 
fftctor of safety of 8 on an ultimate tensile strength of 55,000 lbs. 
per sq. in. One stay will then support 

55,000 X 0.9M X 0.9848 ,, ^ 

8^50 = ^-^ ^- "^- 

The length of area supported by one stay is 
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This, being less than that given for the rivets, will determine the 
spacing of braces. It is to be noted that in no place is there a 
length of plate between supported points greater than that allowed, 
viz., 7.22 ins. 
The number of braces is now readily obtained 

Circumference of 68^ in. circle 



8.76 



= 24.45. 



Twenty-four stays will be used, six in each quarter of the tube 
sheet. This will reduce the factor of safety slightly, or from 8 to 
7.85. 

Stay Bolts in Water Leg, — Assuming stay bolts 1^ ins. in diam- 
eter the allowable load per stay bolt, as determined from Table 
XLVI, p. 264, is 5718 lbs. The area which one stay bolt wUl 
support is 

-r^TT = 38.12 sq. ms. 
loU 

The maximum distance between stay bolts as regards plate is 
found to be 5.62 ins.. Table XXXIX, p. 233, ^^ in. plate and 150 
lbs. per sq. in. pressure. The area supported by one stay bolt 
would be 

5.62 X 5.62 = 31.60 sq. ins. 

This quantity being less than that previously found will determine 
the pitching of the stay bolts. 
The number of spaces between ring seams will be 

56 

•=-^p: = 9.96. Use 10 spaces. 
o.oJ 

The number of rows circumferentially will be, using the larger 
radius of the furnace, 

75 IT 
5.62 

Thus the pitch is 



= 41.8. Use 42 spaces. 



^^ = 5.609 ins. 
42 

The circumferential pitch on the outside furnace sheet is 

83t 

~ = 6.207 ins. 
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This irf well within the 7.22 ins. allowed as per Table XXXIX, 
p,2;J3. 

Design of Longil>jdinal Riveted Joint. ~~ The type of butt-joint 
eelocted must be such that an efficieiicy of 93 per cent may be 
obtained with a main plate thickness of ^ in. These conditions 
are satisfied by either of the quadruple-riveted butt-joints shown 
in Tables XXI and XXII. Joint P, page 172, will be selected. 
Assuming a rivet I in. in diameter, reference to Table XXII shows 
the maximum pitch to be 14.55 ins. with an efiBcJency of 93.1 per 
cent. The calking pitch pi is one-third of the calculated pitch 
or 4.85 ins. With an outside cover plate J in. thick, this pitch will 
not calk. Hence it ia uecesaary to increase the outside cover plate 
thickness to /? in., for which the calking pitch is 4.97 ins., Table 
XXIII, p. 173, which is satisfactory. This change does not affect 
the pitch. The pitch as determined from Tabic XXII is not in- 
dependent of the inside cover plate thickness. Therefore, the 
latter must be taken \ in. as given in the table. The several 
laps on the vertical joints of the shell may now be found from the 
tables of Art. 48. 



Oulaide cover plate, main joint. Fig. 70, p. 139. Lap - 1.35 ii 

InBiiie cover plate, main joint. Tabic III. I^p = 1.48 ' 

SbHI, main joint. Table I \\ Lap = 1.65 ' 

Cover pi ttt«, outaidu fuTDftce sheet. Table III. Lap = 1.55 ' 

OuUide rumace ehcct. Table IIL Lap = 1.43 ' 



Use li^ i. 

Use l! 

Use 1[J ■ 

Use 1^ 

Use V, 



It should be noted that the laps of the single-riveted lap joints 
cannot be definitely determined until the pitches of these joints 
are known. Therefore the design of these joints will precede that 
of the longitudinal joint, the insertion of the latter being de- 
pendent upon the ring seam laps of the shell and furnace 
elieet. 

Ring Seam Joint. — In determining the pitch for the ring seam 
rivets it should be noted that with the exception of the middle 
joint the two plates are of different thicknesses. From Table 
VII, p. 157, it is found that for 1 in. rivets in | in. plate the maxi- 
mum pitch is so small that the rivets cannot lie driven. The same 
table shows that for ^^ in. plat« the maximum pitch is 2.14 ins. 
with an efficiency of 53.3 per cent. Since it is desirable to have 
the same numl>er of rivets in all of the girth joints, the above 
pitch will be a.'wumed as a trial ring seam pitch. Its fijial accept- 
ance will be dependent upon the efficiency resulting from its use 
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in the raiddlo joint where both plates are | in. thick. The t 
ber of pitches in a ring seam will be 



2.14 



= 121.8. 



Reducing this to 120, a number divisible by both 4 and 6, the 
resulting pitch is 

83 IT 

120 ' 



- 2.17 ins. 



The efficiency of the middle ring seam may now be found from 
equation (79), p. 115, since the pitch it is proposed to use is greater 
than the theoretical maximum pitch. 

_ 0.7854 X 45,000 

2.17 X 0.625 X 55,000 
= 0.4737 or 47.37 per cent. 
This figure is more than one-luilf of the lon^tudinal joint effi- 
ciency, and the above pitch may, therefore, be considered satis- 
factory. 

The ring seam laps for the main plate, upper tube sheet and 
outside furnace sheet may now be found from Table III, p. 137. 



Main plate Lap 


- 1-38 ins. 


Use 11 


Upiier tube aheet Lap 


= 1,43 •' 


Use 1,', 


Outaide furnace sheet Lap 


= 1.43 " 


Use lA 



Inside Furnace Sheet Joints. — The pitch of the rivets for the 
crown aheet, as determined from Tabic VII, p. 157, is 2.47 ins. 
As this is more than the 2} ins, allowed for fire scams, p. 132, 
the pitch must be reduced to the latter figure. Using 2| ins. as 
a limit the number of furnace seam pitches is 

m _ 

2.375 



= 93.9. 



Using 96, in order that the munber may be divisible by 4, the 
pitch will be 

and the efficiency from formula (78), p. U4, 
„ _ 2.33 - 1 



= 0.571 or 57.1 per cent. 
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Tbe maximum pitch for the rivets in the vertical lap joint oii 
"ip furnace sheet is 2.47 ins. As this is also a fire seam its pitch 
must be reduced to approxunately 2l ins. The distance between 
ring seams being 56 ins. the number of spaces called for will be 



56 



= 23.58. 



2,375 

-^ the plates in this case are without curvatm^ this number 
uiuy be safely reduced to 23. The corresponding pitch is 

1-2.435 in,. 

The pitches in both of the above joints having been reduced 
Ihe laps are obtained from the plot, Fig. 77, p. 140. 

Crown sheet Lap = 1.50 ins. Use Ij'j ins. 



Furnace sheet, ring aeam Lap " 1.50 ' 

Furnace sheet, vertical joint Lap = 






Uae Wt 
Uae 1^ ■' 

htBetiion o/ Longitudinal Joint. — The distance between ring 
seains may now be found. Allowing I in. for beading, the outside 
surfaces of tube sheets are 170. 5 in-s. apart. It is desired to place 
the crowii sheet rivets and the upper ring seam for the outside 
furnace sheet at the same level. From the top of the upper tube 
sheet to the highest ring aeam will be: 

Outside radius of flange + A in- (to insure flat plate for calking) 
the shell lap, or 

3 X A + tV + Is = 3| ins. 
From the lower siiie of the crown sheet to its ring seam will be: 

Outside radius of flange (taken 3 ins.) plus inside furnace sheet 
lap, minus thickness of crown sheet, or 

3+ WV - A =4iin8. 
The distance between ring seams will be 

179.5 -3J+4i= 180.5 ins. 
Allowing for 4 end pitches jh, Fig. 98, (0.8 X 4.85 = 3| ins.) 
remaining distance between the seams is 
180.5 - 4 X 3.875 = 165 ins. 
This will give 

^-^ = 34.05 short pitches pi. 
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Try 35 short pitches; on the upper course IG, ami on ti 
course 19, both of which are multiples of three, plus om 
The corresponding value of the short pitch is then 

-^ = 4.714 lus. 

which is within the 3 per cent allowed, Art, 50, p. 142, witl 
changing the efficiency of the joint. 

The width of outside cover plate is known when the diati 
between rivet rows is found. This may Ix; obtained grapbici 
Fig. 52, p. 101, or by use of equation (72), p. 190. It is aft 
The outside cover plat« width ia 

2(Vb + 2tTb+ IH) = 111 ins. 

The distance between the outside rivet rows must be I 
enough to allow -j^ in. clearance between heads, or 2^| ins. 
taken 2^ ins. The width of inside cover plate ia then 

2 (U + 2J + I + fV + We + 2,V + Ui) = 21.5 inB. 

With the joint satisfactorily inserted the final factor of 8 

may be obtained from equation (89), p. 117. 

/4.714 X 3 - 1\ /55,000 X 0.6; 



is aft 



F.8. 



V 4.714X3 J \ 150X41.5 
5.13. 






OiUside Furnace Sheet Joint. — The type of joint i 
that shown in Fig. 101, p. 149. Hence the pitch of the ri' 
is one-half that of the stay bolts or 2.805 ins. Referenc< 
Table XXIII, p. 173, shows this pitch to be weL within 
calking limit. The distance between rows as determined fi 
equation (72) or found graphically by the method of Fig. 
p. 101, is Ij ins. The half-width of cover plate is 

lA + 13 + liV=43in8- 



: 

k 



litl^^M 



Riveting around Manhole and Sleavi Nozzle Openit 
arrangement of rivets for attaching the manhole ring is that gf 
in Fig. 156, p. 276. Two steam nozzles of specified size for stc 
pipe and safety valve connections are located 12 his. fro 
top ring seam. Rivets J in. in diameter are i 
cases. 
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TTofer Cclumn Connections. — Flanges for IJ in. pipe, as given 
in Table XL VII, p. 283, are located to receive the water column 
connections. 

Feed Pipe Bushing. — The feed pipe bushing located in the rear 
of the middle course is that shown in Fig. 170, p. 288, for 1^ in. 
pipe. 

The following drawings, Figs. 191 and 192, have been prepared 
to accompany the foregoing calculations. 
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CHAPTER VIII. 

DESIGN OF A LOCOMOTIVE TYPE BOILER 

For Contractors' Use. 

In this chapter there will be worked out the complete design 
of a locomotive type boiler mounted ou skids to illustrate the prin- 
ciples laid down in the previous chapters. 

The illustration, Fig, 193, shows the usual form in which this 
Iwiler is manufactun-d. Its chief advantage is portability but 
rhen applied to a permanent installation and covered with in- 
lating material it is also a very effective steam generator. The 
box consists of a rectangular chamber with either a flat or 
slightly curved roof. Water legs surround the furnace upon all 
eidea and a copious layer of water is required above the crown sheet 
to prevent overheating. The front wall of the furnace constitutes 
the rear tube sheet. From the latter numerous fire tubes run to 
the front tube sheet. The tubes are spacetl much after the manner 
of a horizontal cylindrical boiler. The exterior sides of the fur- 
vertical with a semi-circular portion at the top. 
'umeroUB stay bolts support the flat plat« forming the water legs, 
A flanged fire door opening provides entrance for the fuel. Above 
the furnace the flat vertical plate at the rear of the boiler is stayed 
by diagonal braces running forward and anchored to the sbeU. 
The furnace roof is stayed either by crown bars or radial stays, 
depending upon the size and type of the boiler. 

The outside wall of the water leg at the front end of the grate is 

called the throat sheet. Its upper edge is semi-circular in form 

and is flanged forward to conform to the curvature of the boiler 

shell forming the second course. The throat sheet and upper half 

the furnace course complete the circle into which the middle 

is riveted. The extension of the front course forma a smoke 

from which an outlet leads upward. 

Steam and safety valve nozzles are attached to the front and 

COUTsee respectively. A manhole is installed in the center of 
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the middle course. The upper portion of the front tube sheet is 
fltayed in the usual manner with diagonal braces. 

Fire box brackets upon either side of the boiler are bolted to the 
furnace course. This often requires the local use of flush stay 
bolts. The front end of the boiler is supported by a pedestal 
riveted to the smoke box extension. Small handboles are in- 
stalled over the fire door and at the comers of the water legs giving 
complete access to all sides of the fire box. A blow-off pipe is 
ftttachetl to the lower part of the throat sheet. The grates are 
supported by a bearer bolted to the mud-ring and sufhcient room 
is provided below the tubes for a fire of ordinary thickness. The 
furnace must also have considerable height to secure space for 
the mingling and combustion of the gases over the fire. 

79. Specifications. — The following general -specifications are 
intended to apply to the design of any locomotive type boiler for 
contractors' use: 

Shell Plates. — Plates shall be of best quality 0. H. Fire box 
St«el, having the following qualities: 

Tensile Btrtngth, lbs. per sq. in.: 

Not less than , . . , 

Not more than 

Yield point, mJD. lbs. per eq, in 

Elongation in 8 



PCTC 



Heads. — Heads i 
following qualities: 



1 be of best 0, H. Flange Steel, having the 



Tensile atretigt.h, Iba. per sq. in.: 

- Not leas than , . . 55,000 

Not more than 65.000 

Yield point, min. lbs. per sq. in 0.5 T.S. 

I..WO,000 



Elongatior 



I. per cent, . 



T.S. 



All heads shall be machine-flanged by the spinning process to sn 
inner radius not less than two time^ the plate tliickness, and shall 
be thoroughly annealed. 

Rivets. — Rivets shall be of the best quality of soft 0. H. steel 
according to the following specifications: 

Tensile atrength, lbs. per sq. in.: 

Not less Uian 45,000 

Not more than 55,000 
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Elongation in 8 ins., inin. per cent, but nee<l not ax- 

ceedSOpercent l^^OOOO 

Shearing atrcngth, Iba, pet aq. in 45,000 

Crushing strength (bearing pressure), Iba. per aq. 

in. of projected urea 08,000 

Rolling. — The plates shall be rolled cold by gradual and regular 
ncremeota to the exact radius required and the whole circurafer- 
™ice rolled to a true circle. Butt-straps shall be rolled to the samo 
radius as the shell in special forms made for that purpose. 

Planing. — The edges of the plates shall be beveled to an angle 

of about 75 degrees on a plate planing machine. After the heads 

b have been fianged and annealed, the calking edge shall be turned 

r on a milling machine to the same bevel as the shell plates. 

Seams and Riveting. — All external longitudinal seams shall be 

f the butt-joint type with inside and outside cover plates. The 

rcular or girth seams in the shell shall be of the single-riveted lap- 

(Unt type. The fire box and mud-riiig seams shall be of the single- 

iiveted lap-joint type. The seam in the throat sheet where the 

latter joins the cylindrical shell shall Iw of the double-riveted lap- 

Boint type. Longitudinal seams shall come well up in the steam 

e and be arranged to break joints in the several courses. 

Rivets shall be ^V in- smaller in diameter than the holes they are 

All holes shall be drilled to size with all plates and cover 

lates in place, after the plates have been rolled. After drilling 

i holea the plates shall be taken apart and the burrs removed 

rom the edges of the holes. Previous to the drilling the holes may 

i punched cold to a size \ in, less than their finished diameter. 

Ul riveting shall be done with a hydraulic riveting machine wbere- 

' fever practicable, pressure being kept on each rivet until it has taken 

its shrinkage to insure tight joints. Rivet heads, on all machine 

driven rivets, shall be of the type ordinarily used in pressure work. 

Where necessary the rivets may Iw pneumatically driven, the 

formed head taking the above shape, the other retaining its original 

Bb&pe. 

Calhing. — All seams shall be carefully calked with a pneumatic 
hammer, using a round-nosed calking tool. 

Tubes. — Tubes shall be made of the best American lap-welded 
ot aeamlese steel, arranged in straight rows with a circulation space 
at the center of the boiler if possilile. Tube holes shall be punched 
not over 1 in. in diameter, drilled to size with a revolving cutter 
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and the edgea chamfered to a radius of iV in. Tube ends shall be 
carefuLy expanded and beaded over with pneumatic tools. 

Water Legs. — Water legs at least 3 ins. in net width shall be 
provided at all sides of the fire box. A forged or cast steel mud- 
ring shall seal the bottom of the water legs and provide a surface 
against which the inner and outer sheets may be calked. 

Fire Box. — A symmetrical rectangular fire box shall be pro- 
vided, giving ample grate area and space for the combustion of the 
fuel at a reasonable rate. The surface of the grate shall come at 
least 2 ins. above the upper surface of the mud-ring. SufHcieot 
room shall be provided between the surface of the grate and the 
lowest tubes to permit the use of a heavy fuel-bed without danger 
of clogging the tube holes. The furnace roof and side sheets shall 
be made without a seam, rolled from one piece of plate. The 
furnace roof shall be curved to a large radius or left flat as per 
previous agreement. 

Staying in Froni Tiibe Sheet. — The front head above the tubes 
shall be stayed with diagonal braces and the arrangement shall be 
such as to secure an even spacing of the stayed points and a good 
support for the entire surface. The reaches of plate between stay 
rivets shall not exceed in length those allowed for stay bolts on 
flat plates of similar thickness. The braces shall be so spaced as 
to secure the most uniform loading possible. The braces shall be 
of weldless steel and of approved design. The angle between the 
brace and shell shall in no case exceed 20 degrees and suitable 
anchorage shall be provided where the braces join the shell. 

Staying in Water Legs. — Solid steel stay bolts with 12 threads 
per inch shall be used for staying the flat sheets at the sides of the 
furnace. The thread shall be continuous through both sheets and 
after screwing in place the stay bolt end shall be securely riveted 
over by pneumatic hammer. The spacing of such stay bolts shall 
conform to the requirements of the thinner sheet if the two sheets 
joined are of different thickness. The stay Iwlts shall be spaced 
in regular order and shall secure a good support for the entire 
surface. 

Staying of Furnace Roof. — The staj'ing of the crown sheet above 
the furnace shall Iw either by means of radial stays or slung crown 
bars as per previous agreement. For radial stays the spacing 
shall be regular throughout, all stays l^eing placed railial to the 
furnace roof. When the angle at which the radial stay meets the 
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I shell is less than 75 degrees, a double thickness of plate shall be 
I -employed at the anchoriige in the outer shell. No inherent 
I strength shall be aS6Ume<l from the curvature of the furnace roof, 
) the stayed points l>eing spaced the same aa in the water legs. 
1 In the case of slung crown bars ample strength shall be provided 
r .in the links, pins and angles used to safely sustain the entire load 
\ upon the furnac^e roof, 

Throol Staffing. — The space occasioned by the removal of tubes 
to make room (or the handhole in the front tube sheet shall be 
stayed by the insertion of one or more weldlcss steel boiler braces 
in the lower ])art of the rear tube sheet. The arrangement of this 
staying shall be such as to keep all reaches of unsupported plate 
within safe limits and to give a secure support for the entire area. 
To provide circulation such brace heads shall be set off from the 
tube sheet a distance not less than 3 ins. by the use of 1 in. pipe 
thimbles inserted upon the rivets. 

Staying in Rear External Furnace Shed. — The segment of plate 
above the water leg surrounding the fire door shall be supported 
either by weldless steel boiler braces anchored to the shell or by 
vertical angles in pairs slung from the boiler shell by eye bolts. 
In the case of diagonal braces the same specifications shall obtain 
as in the front tube sheet. The brace shanks shall run forward to 
the shell with a maximum deviation from a radial position of not 
more than 5 degrees, A secure anchorage shall be provided at the 
ehell and care shall be exercised that brace rivets are not in close 
proximity to radial stay bolt holes. In the case of slung angles 
one or more eye bolts may be used to anchor the same to the shell. 
Such eye bolts shall have abundant area to support the share of the 
load from the stayed plate which naturally comes upon them, no 
aasiatance being assumed from the inherent stiffness of the flat 
sheet. 

Manhole in Shell. — One manhole 1 1 ins. X 15 ins. shall be located 
in the shell on top of the boiler in the center of the middle coarse. 
It shall have a pressed steel frame or ring riveted to the shell. 
It shall be fitted with a pressed steel cover, bolt and yoke, and 
a. copper or rubber gasket. The frame shall have a net cross- 
ecctional area on a line through its center parallel to the axis of the 
shell, the tensile strength of which is at least equivalent to that of 
the shell platie removed on the same line. The frame shall be 
riveted to the shell with two rows of rivets. The resistance of the 
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rivets in shear or in crushing on one side of the longitudinal section 
through the center of the frame shall not be less than the tensile 
resistance of the plate removed on the same section. 

Handholes. — Five 3 ins. X 4J ins. handholes shall be installed in 
the external furnace sheets of the boiler, four being placed at the 
bottom of the water legs and one over the fire door near the furnace 
roof. The handholes shall be so arranged as to give complete 
access to all the sheets forming the fire box of the boiler. There 
shall be at least 1 in. of flat plate in the clear around each hand- 
hole opening. Provision shitll be made for the use of a standard 
cast steel handholc cover and yoke. 

One handholc 4 ins. X 6 ins. in size shall be located in the lower 
part of the front tulie sheet so placed as to give access to the 
interior of the shell below the tubes. 

Nozzles. — Two cast or forged steel nozzles of diameter specified 
shall be machine-riveted to the shell at the top of the front course 
for main steam pipe and safety valve connections. The flanges 
which join the shell shall be beveled and calked on the out^ 
side. 

Water Column Connections. — Two holes of diameter specified 
shall be drilled in the furnace course near the rear end and rein- 
forced with forged steel pipe Qanges to provide for the water 
column connections. The water connection shall be taken from 
a point in the right water leg of the shell about one foot below the 
center of the boiler, and located about 12 ins. from the rear ex- 
ternal furnace sheet. A similar opening at the top of the shell 
shall be provided for the steam connection. 

Feed Pipe Conneciions. — Upon the right side of the boiler at a 
level a httle below that of the t-op row of tubes and at the center of 
the middle course a forged steel pipe flange shall be riveted to the 
shell. The size of the flange shall be sufGcient to accommodate a 
suitable brass feed pipe bushing. The feed pipe shall be screwed 
into tills bushing from without and a male and female elbow with 
distributing pipe from within. The latter shall extend about 4 ft. 
along the side of the boiler toward the front, its front end being 
capped and its lower half perforated to throw the feed water into 
the circulation, 

Blow-off Conneciions. — A forged steel pipe flange or pad shall 
be riveted to the throat sheet just above the mud-ring and tapped 
s the size of blow-oS' pipe specified. 
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Mvd-Ring. — A welded or cast steel mud-ring 3 ins. wide and 
bat least 2| ins. high shall be provided to seal the water legs of 
[» the boiler. The same shall be securely riveted to the inside and 
I outside sheets with a pitch of rivets corresponding to the thickness 
of the thinner sheet. At the comers the mud-ring shall be forged 
both inside and out to fit the necessary overlap of the sheets. 
Boiler patch-bolts screwed and riveted to place may be employed 
upon the outer radius of the mud-ring comers. 

Smoke Box. — Provision shall In; made in an extension of the 

front course for a smoke box. The area of the uptake leading 

therefrom shall be approximately one-eighth that of the grate. 

Fusible Plug. — A fuaible plug of approved pattern filled with 

I pure tin shall be located in the highest portion of the furnace roof 

lear the rear tube sheet flange. 

Supports. — Two cast steel brackets of approved design shall 

I be attached to each side of the rear course so as to support the 

I boiler upon skids. The brackets inay be attached to the water 

I 1^8 by extra long stay bolts, the same being securely riveted after 

I screwing to place. The steel brackets shall be thoroughly annealed 

I and tightly calked around their edges to prevent leakage. In case 

I this ifl undesirable a thin gasket of soft steel sliall be fastened be- 

L tween the shell and the bracket and calked tight. The pedestal 

' forming the front support shall be a steel casting designed to give 

adequate strength for connecting the skids at the front end and 

supporting the cylindrical shell of the boiler at the same time. 

w The shell shall rest in the cradle thus formed. The brackets an<l 

r pedestal shall be securely bolted to the skids upon which the boiler 

pii to be transported. 

Teal, — A hydrostatic pressure test (cold water) of one antl one- 
half times the working pressure for which the boiler is intended, 
ehall be applied, and the boiler shall be suitably designed for tight 
joints under that pressure. 

80. Statement of Problem. — The solution of the following 
I problem will Ik* given in full. 

Degign a locomotive typu boiler for contractors' use with smoke box Id 
[ the ahell extension, to conform to tho precwling Hpccificationa and to embody 
the following gi^ncriLl dimeiisionttr 
General DinmnaioDa; 

Hated Horae-Power (A.8.M.E. Htandard) 125 

Working Pressure, lbs. per sq. in 150 

Length of Tubes, ft 15 
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Number of Couraea 

Diameter of Steam Soiilea (2), ins 

Diameter of Feed Pipe, ins 

Diameter of Blow-off Pipe, ins . . 

Di&mcter of Water Column Connections, ins. ...,., 

Kind of CoaJ , B 

Types of Joints to be used: 

Ring Seam Joints Double-Riveted L 

Firebox JoinU Single-Riveteii 1 

IButlr-joint with iiiaide and a 
side cover plates, having 
efficiency of at least 94 per oe; 
Design to include: 

(a) Complete caJculations. 

(b) Working drawings fully dimensioned, of 

(1) Tube sheets, water leg and fire box with staying. Scale 3 in 
-Ht. 

(2) Boiler: end view, longitudinal section and devdopment of 
joints. Scale Ij ins. = 1 ft- 

The following specific values of constants, for which a general d 
given in Chap. IV, will be assumed: 

Rate of Evaporation, lbs. of water per lb. of coal, about 

Rate of Combustion (bituminous coal), lbs. per sq. ft. of 

Grate Surface per hr., about 

Ratio: Length to Out^de Dinmet«r of Tubes, about 60 to I 

Ratio; Internal Transverse Tube Area to Grate Area, about 

Sl«am Space per Boiler H.P., cu. ft,, about. . 

Ratio; Steam Space to Water Space, about 

Beating Surface per Boiler H.P., sq. ft., at least. 

Ratio: Heating Surface to Grate Surface, about. 4Stoa 

Mean Water Level above Crown Sheet, ins., at least 

Boiler Diameters to vary by increments of , ins 

Reach of Riveting Machine, ft , 

Grate Width to be consistent with vertical water legs, the 

lattex having a net width of. ins 

Least Factor of Safety . . 

81. Calculations. 

Grate. — The number of pounds of water to be evaporated prt 
hour may be obtauied from the rated horee-power {A.S.M.E. 
standard, p. 5). 

125 X 34.5 = 4312.5 lbs. of water per hour. 

The coal to be burned per hour is found from the above and Uie 

e (rf evaporation given. 



4312.5 



479,2 lbs. of coai per hour. 



From the rate of ci 
3be 
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iibustion the theoretical grate area is fuund 



479.2 



= 27.38 sq. ft. 



17.5 

Trial size o( grate 5 ft. wide by 5.5 ft. long which gives 27.5 sq, ft, 
TubeK. — The tube diameter for the given ratio of length to 
kutside diameter is 

15X12 „. 
— STT — = 3 ins: 



Tubes 3 ins. in diameter will be used. 
From Table XXIX, p. 190: 

Internal cirou inference » 8.740 ii 
External transverse area = 7.069 a 
Int^raai transverse area = 6.079 ai 

The total intenial transverse tube area i 
fcheoretical grate area and the ratio given 

27J8 X 144 _ „„ , „ , 



computed from the 



The number of tubes to pve this area ii 



i57.1 



^.1. 



6.079 

The attempt will be made to lay out 110 tubes on the tube sheet 

rawing with suitable spaebig for this type of boiler. 

Boiler Diameter. — On account of the irregularity of the steam 

md water apace in the furnace course it will bo assumed that three- 

f fourths of the total boiler volume is eontaincd in the cylindrical 

■ portion. If, therefore, it is desired to obtain a 6nal steam volume 

lof 0.8 cu. ft. per horse-power, the diameter of the shell will be based 

rupon a trial volume thi-ee-fourths this amount or 0.6 cu. ft. per 

"wrse-power. 
iThen 

Steam space, 125 X 0,6 = 75.0 cu. ft. 

Water space, 75.0 X 2.5 = 187 . 5 cu. ft. 

T 1^ 110X1 80 X 7.069 ., ,„ .^ 
Tube space, ^y^o = 81 ,02 cu. ft. 

Total 343T52 cu. ft. 

cj^ length of 15 ft. the corresponding area of the head will be 
343.52 X 144 



15 



B sq. ms. 
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This area corresponds to a diameter of 64.80 iii9. To bring the 
latter to a practical figure and make some allowance in the capacity 
of the boiler, the diameter will be made 66 ins. 

Waler Level. — In anticipation of the use of radial stays the roof 
of the furnace is given a curvature corresponding to an inside radius 
of 84 ins. In order to insure 6 ins. of water over Ihe furnace roof, 
the latter must be so located as to give the stipulated amount with 
respect to the mean water level. The total steam volume in the 
cylindrical portion as calculated above is 75 cu. ft. With tubes 
15 ft. long the area of the steam segment will be 



15 



= 5 a{|. ft. or 720 s 

^ ^ 720 
D* (66)* 
= 0.1653. 



From the plot. Fig. 118, p. 213, 



4 



- 17-3t 



Adding to this 6 ins., the distance from the crown sheet to the top 
of the boiler should be 23| ins. 

Thickness of Cylindrical Shell. — The desired shell thickness is 

readily obtained with the given data from the plot, Fig. 11, p. 67, 

where the joint efficiency is taken 94 per cent. 

Thickness = 0.479 in. 






Use a thickness of shell equal to J in. The tentative thicknee 
tube sheet will be assumed i in. since the necessities in regard to 
staying are not severe and there is considerable liability to over- 
heating in the fire box. 

Tube Sheet Lay-md. — Before proceeding further with the calcu- 
lations, the arrangement of tubes must be determined from the 
tulre sheet drawing. 

In order to provide for a thickness of fuel-bed of at least 12 ins., 
the pitch Une of the mud-ring will be assumed approximately 
52 ins. Iwlow the center of the cylindrical shell. This will gjva 
plenty of room for the location of the grate level well above the 
surface of the mud-ring. With the necessary allowances for the 
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Etirculation and spacing it is found that 110 tubes can be accom- 
modated without difficulty in the tube sheet if placed upon diag- 
|;)Onal rows. This number will give u slight increase in the heating 
rface which is very desirable in this type of boiler. 
Final Ratios. — Having established the steam and water vol- 
umes of the boiler, the ratios called for upon the tube sheet draw- 
ing, Fig. 1&4, will next be determined. 

The dimensions of the grate previously assumed, 5 ft. X 5.5 ft., 
giving an area of 27.5 sq. ft., will bo adopted since they fit well the 
diameter of the boiler and the width of water leg chosen. 
The heating surface contained in the tubes is as follows : 
110 X 8.74 X 15 



12 



- = 1201 sq. ft. 



To find the heating surface inside the fire box the latter will be 
[ assumed to be 5 ft. wide, 5.5 ft. long and 4.5 ft. high. The iu- 
I temal area of the four sides and top will, therefore, be 

Top, 5X 5,5 =27.5 sq.ft. 

Two Bidea, 2 X 5.5 X 4.5 = 49 , 5 sq. ft. 

Front and rear enda, 2X5X4.5 = 45.Q sq. ft. 

Total 122.0 sq.ft. 

fVom this must be deducted about 5.5 sq. ft. for the area of the tube 
I holes and 1.5 sq. ft. for the fire door opening, making a net heating 
ftairface in the fire box of 110 sq. ft. Then the total heating surface 
l^for the boiler will be 

1201 + 115 = 1316 sq.ft. 
Tie heating surface per H.P. will then be 
1316 



125 



= 10..53 sq. ft., 



I an amount well in excess of that required. 

The ratio of the heating surface to the grate area is 

hich is satisfactory. 

The relation between the transverse internal area of the tubes 
\. and the grate surface is as follows: 

110 X 6.07 9 ^ 1 
27.5X144 5.92' 
which is close to that called for in the specifications. 
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The final volumes of steam and water must next be corrected 
for the irregularities due to the arrangement of the fire box. The 
total length of the boiler is as follows: 

Tubes + fire box + water leg = Total length. 
15 ft. + 5.5 ft. + 3 ins. = 20.75 ft. 

The area of the steam segment was formerly found to be 5 sq. ft., 
hence the total volume for the above length of boiler is 

20.75 X 5 = 103.75 cu. ft. 

and the steam volume per H.P. is 

103.75 



125 



= 0.83 cu. ft. 



This figure is fully equal to the quantity usually employed in 
horizontal return tubular boilers, hence it will be considered 
satisfactory. 

The final water volume is made up of that contained in the 
cylindrical shell' plus the volume contained in the water 1^3 and 
over the roof of the fire box. 

The area of a circle 5.5 ft. in diameter is 23.76 sq. ft. From this 

must be deducted the area of the steam segment, 5 sq. ft., and 

the combined transverse external area of the tubes. The latter 

quantity is 

110X7.069 -.^ .^ 

—r-. = 5.40 sq. ft. 

144 

The net transverse area occupied by the water in the cylindrical 

shell is 

23.76 - (5 + 5.40) = 13.36 sq. ft. 

The total volume of water in the cylindrical shell is, therefore, 

13.36 X 15 = 200.4 cu. ft. 

The transverse area between the mean water level and the line 
abf Fig. 194, where the parallel sides of the water legs begin, is 
found by the use of the planimeter upon the drawing to be 525.4 
sq. ins. The volume corresponding to this area for the length of 
the furnace course is 

525.4 X 5.75 



144 



= 20.98 cu. ft. 



The distance from the surface of the mud-ring to the line oft, 
where the curvature of the crown sheet commences, measures from 
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the drawing approximately 51 ins. and the distance from the 
former point to the average level of the furnace roof is 57 ins. 
The total volume in the water leg containing the fire door opening 
is, therefore, approximately, 

3 X 66 X 57 «.« .. 
j^28 ^ ^-^ ^^' ^*- 

Deducting from this the volume occupied by the door opening, 
assumed 0.5 cu. ft., the net volume of the rear water leg is approxi- 
mately 6 cu. ft. The volume of the water leg at the throat calcu- 
lated similarly is 2.83 cu. ft. The volume of the two side water 
legs is 

2 X 3 X 51 X 66 ,,^ .. 

1728 = ^^-^ ^^- ^*- 

The total water volume in the boiler is, therefore, as follows: 

Shell 200.4 cu. ft. 

Over furnace 20 . 98 cu. ft. 

Rear water leg 6.0 cu. ft. 

Throat leg 2.83 cu. ft. 

Two side legs 11.61 cu. ft. 

Total 241 .82 cu. ft. 

The ratio of the steam to water volume is, therefore, 

W 241.82 

^ 1 
"2.33' 

which is sufficiently close to the ratio given in the specifications. 

Disengaging Surface per Horse-Power. — With the tubes located 
in correct relation to the mean water level, the value of 

^^ 17.38 
R 33 

= 0.527. 
From the plot of Fig. 119, p. 216, this ratio gives a value of 

S = 1.766 
or w = 58.28 ins. 
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The total disengaging eurface for an inaide boiler length of 249 
68.28 X 249 _ 



- = 100.8 sq. ft. 



and the disengnging surface per H.P. is 
100.8 



125 



= 0.8 



1- ft.. 



)ie xxxvni. 1 



a quantity well within the limits preacribed by Table XXXVIII, 
p. 215. 

Staying. — Taking up the stajing in the order given in the 
Bpecifications the procedure is as follows: 

Front Tube Sheet. — Assuming the thickness of the front tube 
sheet i in., the maximum allowable plate spacing, Table XXXIX, 
p. 233, is 6.42 ins. Drawing the stiff line of the tubes and the 
flange curve at the margin of the sheet, the total height of segment 
to be stayed measures, from the drawing, 25.63 ins. Dividing this 
quantity by the plate spacing 6.42 indicates that four zones and 
three layers of diagonal braces will be necessary. Elach zone will 
have an approximate height of 6| ins. Using rivets g in, in diameter 
in the braces the area which may tje supported by each rivet, at 
150 lbs. per sq. in. pressure, is found in Tiible XL, p. 235, to be 24.05 
sq. ins. The circumferential spacing of the rivets to give this 
will, therefore, be 



s araa J 



or about 3^ ins. The arrangement shown in the drawing. Fig. 
194, is obtained by trial and the several areas supported per rivet 
determined by use of the planimeter. It is evident that there 
is a fair distribution of load among rivets. The lower rivets come 
rather close to the tubes, but if placed much farther away there 
will l>c too much unstayed plate in that region. 

Water Legs and Furnace Roof. — To avoid overheating, the 
crown- and side-sheets of the tire lx)x will be made {^ in. thick. 
The maximum plate spacing, from Table XXXIX, p. 233, for the 
given thickness and pre.ssure is 5.62 ins. Starting at the. pitch 
line of the mud-ring this distance is stepped up the water leg and 
around the crown-sheet to the mud-ring upon the other aide of the 
furnace. Reducing this spacing to S^j ins. will make it an in- 
tegral fit between these limits, the number of spaces from mud- 
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rring to mud-ring being 33. The points thus indicated are the 

center lines of the stiiy bolts supporting the water legs and cruwu 

sheet. Lines driiwn radial to the furnace roof will indicate the 

direction of the radial stays in that locality. It is evident by use 

I of a protractor that the four radial staya on each side next above 

Btiiose in the water legs form angles with the shell tangents less 

■ than 75 degrees. Hence a double thickness of plate is used at 

K'their anchorages. 

The diameter of stay bolt to be used may be determined from 
W&e area supported as follows: 

Total load per stay bolt with the latter pitched on squares 

5.62 X 5.62 X 150 = 4738 lbs. 

By reference to Table XLVI, p. 264, it is seen that stay bolts 

B| ins. in diameter are necessary and that there ia a reawinable 

largin between their strength and the load to be supported. 

The longitudinal distance between the furnace ring seams is found 

from the drawing to be 61^ ins. Inserting 11 stays in tliis length, 

the spacing is 5.11 ins. which is less than the plate limit given above. 

If the alx)ve longitudinal spacing were continued below the 

center line of the lx)i!er a wide unstayed space would result at 

each end of the furnace course. To oliviate this, 6} ins., a quan- 

I £ty less than the ma.ximum pitch for \ in. plate, is set off from 

ich ring seam to the first stay Ixilt of the furnace course. The 

remaining length 55j ins. is stayed by bolts 5.05 ins. apart. The 

tat sheet and the rear external furnace sheet will be assumed 

sin. in thickness, respectively. The maximum spacing which may 

B employed in reference to plate of this thickness is 6.42, Table 

IIX, p. 233, The stay bolts necessary in the latter case must 

a a load of 

6.42 X 6.42 X 150 = 6182 lbs. 

bad their diameter must be IJ ins. if a good margin of strength is 

D be allowed. 

Throat Stays. — Proceeding according to the principles ex- 
plained in relation to Fig. 139, p. 248, it is evident that two Scully 
braces will be nece.'wary at the throat. The arrangement shown 
in the drawing, Fig. 194, is found by trial. The areas indicated 
are determined by planimcter and are safe ones for thimbted 
rivets {i in. in diameter. The braces are made 24 ins. long and 
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are anchored to the shell just in front of the throat. A diameter 
of shank of Ig ins. is used. 

Rear External Furnace Sheet. — Starting at the pitch line of the 
mud-ring the stay bolts supporting the water leg around the fire 
door arc spaced vertically with a pitch of 6j'g ins., a figure sub- 
stantially equal to the maximum spacing derived from Table 
XXXIX. In order to make the horizontal spacing of these stay 
bolts symmetrical with regard to the vertical center line of the 
boiler a pitch of 6 ins. is used. The horizontal row near the fur- 
nace roof is arranged by trial to conform to the curvature of the 
crown sheet. The load per stay bolt with this arrangement will be 

6iV X6 X 150 = 5790 lbs., 
a quantity somewhat lower than the allowable amount for Ij in. 
Bteei stay bolts. Table XLVI, p. 264. A fire door, Fig. 108, p. 285, 
with an internal opening 20 ins. wide by 15 ins. high is placed 
with its center 19J ina. above the pitch line of the mud-ring. 
This arrangement gives a symmetrical location with regard to the 
stay bolts and permits the fuel-bed to be of sufficient thickness as 
well. To conform to the elliptical outline of the fire door opening 
the stay bolts in close proximity thereto are rearranged as shown 
in the drawing, Fig. 194. 

Angles. — The staying in the upper portion of the rear sheet is 
best accomplished by riveting heavy vertical angles to the plate 
and connecting them by forged diagonal eye bolts to the shell above 
the furnace. Selecting for trial two angles, 5 ins. X 4 ins. X { in., 
and placing them back to back with a distance of Ig ins. in the 
clear, it is evident that the vertical stay bolt pitch lines may be 
prolonged to the top of the shell and that the rivets may be seated 
suitably with such an arrangement. Stay rivets I in. in diameter 
will lie selected for trial. The maximum plate spacing in J in. 
plate at 150 lbs. per sq. in. pressure is 6.42 ins., Table XXXIX, 
p. 233. The maximum allowable area per rivet with the diameter 
and pressure at hand is 31.42 sq. ins.. Table XL, p. 235. An 
approximate vertical spacing may be found by dividii^ the load 
area by the plate spacing, < 

31.42 
6.42 " 



r = 4.8 



From the latter figure a vertical .iipacing varying from 4J ins. to 
4i ins., as shown on the drawing, Fig. 194, is assumed. The plate 
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pipported by the several stay rivets is determined by the method 

; loci given iii Fig. 139, p. 248, and by use of a planimeter 

irresponding areas and loads are found. The angles are 

prolonged toward the top of the shell to the limit of flat plate, in 

border that as staunch an arrangement as possible may be secured. 
At the same time the two diagonal eye bolts will be designed of 
suitable size to sustain the sum of all the rivet loads in order to 
prevent overloading of the flange by the angles. 

I Rod iSAanAs. — The areas assignable to the several rivets are 

I set down upon the drawing, Fig. 194. Multiplying each of 
these by the woritiug pressure, the total load upon the pair of 
aisles near the vertical center line of the boiler is found to be 
35,000 lbs., and that upon the angles remote from the center line 
25,200 lbs. To avoid mistakes in assembling the boiler parts all 
the diagonal eye bolts will be made of the same dianiet-er. In- 
asmuch as the diagonal eye bolts may run at an angle of 20 de- 
with the shell the gross load per bolt under the worst 

■coadjtions will be 



35,000 
2 X cos 20° 



= 18,620 lbs. 



By reference to Table XLIV, p. 246, it is evident that a rod shank 
t ins. in diameter will be required. This size will be used for 
lanchoring all the angles to the shell. At the left side the stay 
Vnvets do not properly support all of the plate, hence a Scully brace 
I with shank diameter ll ins. and head containing two J in. rivets, 
' is inserted as shown. The load upon these rivets is within safe 
I Itmits. The diagonal eye bolts reach forward at angles of 15 and 
!■ 20 degrees, respectively, with the shell. 

Pina. — The pin by which the eye bolt is attached to the angles 
^ is calculated as a beam supported at the ends and having a dis- 
' tributed load equal to the gross rod pull, 18,620 lbs. Substituting 
) the usual beam formula 



M =f 



and using a modulus of rupture about 1.8 times the tensile strength, 
L the value of the pin radius may be found. The span of the theo- 
I TBticsl beam is assumed to reach to the centers of the angle legs 
[ Vhioh form the supports. 
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Then, using a factor of safety of 6, 

18,620 X 2.5 60,000 X 1,8 X irr" 



8 6X4 

Solving, r = 0,744 in. and the pin diameters should be taken 
Ij ins. 

Rod Eyes. — Following the procedure aet down in regard to hnk 
eyes, p. 256, the area through the pin center will be made to 
exceed that of the rod shank by 50 per cent. Assuming the 
width of eye as 1 J ins. to correspond to the space between angles, 
it is easily found that the diameter of eye must be 3i ins. 

Pads. — The pad at the shell end is assumed of the proportions 
shown and is made to seat six } in. rivet*. The shearing load per 
sq. in. on these rivets will be 
17,500 



6 X 0.601 



= 4850 lbs., 



which represents a factor of safety of about 9 and is therefore a sale 

stress. The bearing pressure upon the rivets, for a shell thickness 
of i in., is 

6 X 0875 X 05 " ^^^ "*" ^^ ^' '"' "^ P"*J™^ *'**■ 

The latter figure represents a factor of safety of about 15 and c 
sequently will not cause local distortions in the shell. It is to be 
noted in the arrangeini.'nt of rivets in the angles that a margin 
of about 6 ins. is preserved between the outer rivets and the 
shell. This is necessary in order to permit some flexibility. The 
assumption that the diagonal eye bolts carry all the load from the 
angles is doubtless very far upon the safe side. In some cases it 
may be wise to choose eye bolts somewhat less than the diameter 
given in the table in anticipation of the fact that a good portion of 
the load will t>e transmitt'Od directly to the shell. The assumption 
given above, however, is believed to be a correct one for cases of 
this kind in general. 

Riveted Jointx. — There are four riveted joints demanding at- 
tention in this boiler, v-iz.-. the longitudinal seams, the shell ring 
seams, the throat joiwt and the fire Ixjx seams. The latter only 
arc exposed X-o the fire and hence their calking limits must be 
established by reference to the values given upon p. 132. 

In selecting the longitudinal joint it is to be noted that an 
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efficiency of at least 94 per cent is required. Therefore, joint 0, 
the proportions of which are given in Table XXI, p. 171, will 
be selected. With the thickness of shell J in. this joint gives a 
range of efficiencies slightly higher than that called for. 

The following data is necessary in ascertaining the pitch and 
laps of the various joints: 

ThicLneaa of fihell 1 in. 

H ThiuknoBs of tubs aheete i in. 

^M Thickness of fire box, sidea and tap fr >"' 

^H^ Thickness of throat sheet } in. 

^^^^^^^ Thiofcness of fire door sheet, external J in. ^^ 

^^^^^^^ Thickacss of inside cover plate fy in. ^^M 

^^^^^^B '^licknese of outside cover pUt« to be gov- ^^| 

^^^^^^V erucd by the necessities in regard to ^^| 

^^^^^^ calking. ^* 

With a rivet |g in. in diameter the pitch, as taken from Table 
XXI, p. 171, is 17.42 ins. and the corresponding efficiency 94.6 
per cent. 

The calking pitch along the outer row will, therefore, be 

-f- = 4.355 ins. 
4 

Referring to Table XXIII, p. 173, it is noted that the calking limit 
for a working pressure of 150 lbs. per sq. in. with \i in, rivets 
is 4.57 ins. and that with this figure an outer cover plate at least 
^ in. in thickness must be used. The joint will, therefore, l>e made 
up with such an outside cover plate since the thickness of the latter 
does not affect the pitch. The rivets in the outer rows of this 
joint fail by shearing and those upon the inner by crushing, hence 

I the following lap values may be determined. 
b Inside cover plate. Table III. Lap =1.42 ins. Uac l^V ins. 

f OulBide cover plate. Fig, 76, - - 1. Lap = 1.23 ins. Useljina. 
[ Main plate. Table IV. Lap = 1.54 bs. Use I^, lus. 

*: The distance between the staggered rows along the inside of 
tins joint is 2J ina., found grapliically by the method of Fig. 52, 
p. 101. The next outer row of rivets will be placed li ins. from 
the lap edge to provide room for driving the rivets, and the outer- 
most row 2i ins. further from the joint center. 

The ring seams hi the shell will be single-riveted lap joints. 
The pitch of H m. rivets m J in. plate, Table VII, p. 157, is 2.07 
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ins. and the eorrespoQdmg efficiency 54.6 per cent. This is ample 
for the rpquirements at hand. 

On account of expansion and contraction from ita proximity to 
the fire box, the throat seam is under severe stresses in locomotive 
type boilei's. Therefore this joint, embracing the lower semi-cir- 
cumference of the shell, will be double-riveted and its ends calked 
into the ring seam where the furnace course joins the middle course. 
The pitch corresponding to the conditions at hand, Table VIII, 
p. 158, is 3.20 ins. and the efficiency 70.7 per cent, both of which 
are adequate for this seam. The distance between diagonal rows, 
as determined graphically from the method given in Fig. .52, 
p. 101, is 1.85 ins. Use 1| ins. The value of the lap from Table 
III, p. 137, is 1.36 ins. Use 1| ins. 

The pitch of the hot seams joining the furnace sheets will be 
based upon a thickness of plate of I'g in. In order to present less 
metal to the destructive action of the fire g in. rivets will be used 
in all the fire seams. Referring to p. 132, it is noted that the dis- 
tance between rivets, p — d, under the given conditions may be 
If ins. Hence the pitch to be used will be 

p^i + n 

= 2J ins. 
The theoretical pitch under similar conditions, Table VII, p. 157, 
is 2.00 ins. Consequently the laps to be used will be based upon 
the shearing of the rivets rather than upon the tearing of the plat«. 
Referring to Table III, p. 137, the following lap values are noted: 
1.30 ins, Uhc Irt ins. 



For !», I 
For J ir 






Use I! 



All the seams in the lire box, including that at the muii-ring, will 
use the pitch just calculated since such a value is safe against 
leakage and presents a minimum amount of metal to the action 
of the fire. 

t Insertion of Seams. — The length of plate between the ring 
seams at the throat and smoke box, as determined from the draw- 
ing, Fig. 195, is 180.5 ins. With the thicknesaeB of plate at band 
it will be possible to end the joints in the ordinary manner by tuck- 
ing the outside cover plate under the succeeding course- Refer- 
ring to joint 0. Fig. 97, the inside pitch pi, previously d 
was 4.355 ins. Then the end pitches pj will be 



4.355 X 0.8 = 3.484. 



Use 3| i 



rberes 
lence 
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e four of these end pitches iii the two joints to be iustalled, 



3| X 4 = 13i ins. 
wil\ be deducted from the above length between scums, leaving a 
tet distance for regular pitc^hes equal to 167.0 ins. The number 
f small pitches comprised in this seam will be 
167.0^ 
4.355 



= 38.34. 



turning that 38 pitches will be used, the actual short pitch 
rill be 



167.0 



= 4.394 ins. 



i slight increase will not serve to alter the caloulations made 
I in deriving the pitch. The correspoadlrig long pitch ji will be 
F 17,58 ins, and the efficiency practically that of the original pitch, 
' W.6 per cent. 

To avoid conflict with the staying the steam pipe and safety 
valve nozzles must be attached to the front course, therefore the 
latter will be macie somewhat wider than the middle one. If 21 
small pitches are inserted in tlie front course and 17 in the middle, 
their respective pitch line lengths will be 
Front course 21 X 4.394 + (2 X 3|) = 99.02 ins. Use 99 ins. 
Middle course 17 X 4,394 + (2 X 3f) = 81.45 ins. Use 81i ins. 
The odd pitch is inserted in each joint in order to make the rela- 
tion between the outer and inner rows of rivets that shown in the 
drawing, Fig. 195. The objection is sometimes raised that the 
rivete in the outer row should not come immediately adjacent to 
thoee in the staggered rows. While it is doubted whether this 
( distinction amounts to much, the joint ia inserted with this ciiti- 
1 in view. Forty pitches could have been used, making two 
\ duplicate joints or twenty pitches each, the insertion being pre- 
[ disely that shown in Fig. 97. 

The circumference of a circle 66 ins. in diameter is 207.3 ins. 
I Dividing this by the ring seam pitch 2.07 ins., 100 spaces are indi- 
^cated in the girth joints. The semi-circumference forming the 
Dj^bioat seam will require 

207.3 



2 X 3.20 



12.44 spaces. 
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-^ = 3.244 ills. 



Reducing this to 32, the actual pitch to be ueed will be 
^7.3 
2X32" 

Mountings. —The drawing, Fig. 195, shows the attachmentij 
the steam nozzles, manhole, feed and blow-off pipes, and i 
column connections called for in the specifications. 

Uptake. — The uptake gcncnilly ranges between | and \ 
the boiler diameter in width, and comprises about | the grate a 
The necessary transverse area, therefore, for this case will be j 

?^ = 3.44 sq. ft. 

Assuming the width as 45 ins. the requisite depth will be 
3.44 X 144 



45 



= 11 ins. 



With semi-circular ends, an outlet 12 ins. X 45 ins. will be used, and 
at least 2 ins. of clear plate will be secured around the opening 
to provide for the attachment of the smoke pipe. The cast iron 
smoke box door-frame is bolted to the amoke box extension by 
small eye bolts. 

Fusible Plug. — The location of the fusible plug in the crown 
sheet near the front end of the fire box is required by law. If there 
are stay bolt holes along the center of the furnace roof the fusible 
plug may be insertcfl in the clear plate at the right or left. 

Blow-off. — A pad of J in. plate riveted to the lower portion of 
the throat sheet provides the specified blow-o£f coDuection. 
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CHAPTER IX. 

TANK DESIGN. 

Tanks may be divided into two general classes, iriz., rectangular 
tanks and cylindrical tanks. The former, being in reality a 
series of flat plates, are necessarily weak and difficult to make 
tight. Even if of moderate size they require thorough bracing. 
This may be accomplished by through stay rods in conjunction 
with sti-uctural shapes securely riveted to the sides, or, where 
through rods cannot be used on account of the solidity of the 
contents of the tank, such as in the case of tallow tanks, the sides 
may be stiffened by riveting structural shapes directly to the 
shell plates. 

Such tanks are rarely used where the pressure within is other 
than that due to the weight of liquid contained. Rectangular 
pressed steel tanks made in sections with pressed ribs are on the 
market* and combine 'strength with lightness. The sections are 
four feet square and are bolted together, the joints being made 
tight with lead strips \ in. thick placed between the flanges and 
calked from the inside. 

Tanks to withstand high pressures are ordinarily made cylin- 
drical in shape. Such tanks include stand-pipes, water-towers, 
vulcanizers, dyeing vats, bleaching kiers, digesters, cold and hot 
water tanks, etc. The nrinciplcs laid down for the design of 
^_^eani boilers hold equally well in these cases so far as strength, 
^Ehreted joints and staying are concerned. The complications 
^^■je to contact with the flames are not met, however, 
^^ Cylindrical tanks as liquid containers are usually placed with 
their axes either vertical or horizontal. When vertical the capacity 
is readily calculated for any given depth, -Vhen the axis is hori- 
zontal the capacity is not as easily determined, and Table LIV 
has been prepared to assist in obtaining the contents of such 
tanks. The table reads in cubic feet per foot of length for every 
he tanks varying from 18 ins, to 96 ins. in diameter 
• Ampriran Spiral Pipe Works. 
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^^^^^ VULCANIZER 393 

|Hby increments of 6 ias. When the tank is more than half full the 
^ «5tilunin headed "Depth in ins. " may be read "Distance of liquid 
It'vel from top" and the contents determined by subtracting this 
figure from the capacity when full, as given in the first line. 

When calculating the stress at the base of a vertical cylindrical 
"tank care must be taken to note that the hoop stress is tension 
due to liquid pressure and the end-wiae stress is compression due 

I to the weight of the structure above. The true stress should 
then be obtained from the method outlined on page 58 and the 
design carried out accordingly. 
The use for which a tank is intended \vili often determine the 
Imateriai of which it is to be made or with which it is to be lined. 
Tanks in which corrosion is objectionable are usuaLy made of 
copper. To prevent chemical action between the steel plates 
and the liquid contained, it is often necessary to use linings of 
some such material as lead or silver. The method of securing 
these linings to the shell is explained in Chap. I, Art. 14. The 
design of the tank, however, is not affected by the fact that a 
lining is to be used. 

When a cylindrical shell is to be driven at a high speed of rota- 
r tion, as in the case of centrifugal dryers, it is often advisable to 
I use similar joints on opposite sides to preserve a runnii^ balance. 
To illustrate the general procedure in the design of pressure 
[- tanks, the complete calculations and drawings will be given for a 
} vulcanizer. 

Vulcanlzer; DescripHon. — The vulcanizer shown in Kg. 
Ij96 is typical of this class of pressure vessels. A horizontal 
pcylinder consisting of three courses has longituilinal joints of 
Ithe multi-riveted butt-strapped tj-pe and lappetl joints for the 
f jprth seams. Since it is desirable that the inside of the vessel 
J free from staying the heads are of the dished or sphericEd 
The head on the closed end is riveted to the shell. The 
movable head is riveted to a Hanged cast steel ring, forming a 
pidoor which is hinged to a similar ring riveted to the shell. The 
flanges of both rings are slotted to receive locking bolts, the inner 
ends of which are permanently liinged to the ring on the shell 
and the outer ends provided with nuts. A packing ring ia 
inserted on the face of the inner ring. A carriage and track re- 
lieve the hinge bolts of the weight of the head when open and 
facilitate operation. Two forged steel pipe flanges on top provide 
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an inlet and outlet while a similar flange in the bottom at the 
rear is for use in draining the vuleanizer. 
83. Statement of Problem. 

Design a steel vuleanizer to conform to the following general dimensions 
and specifications: 
Greneral Dimensions: 

Length, approximate, ft 24 

Diameter, ins 60 

Working Pressure, lbs. per sq. in 125 

Number of Courses 3 

Types of Joints: 

Ring Seams Single-Riveted Lap. 

Triple-riveted butt-joint with inside 

Longitudinal Joint and outside cover plates, having an 

efficiency of at least 89 per cent. 
Design to include: 

(a) Qomplete calculations. 

(&) Working drawings, fully dimensioned, showing a longitudinal section, 
development of joints and details of rings. Scale 1^ ins. = 1 ft. 
Specifications: 

Both heads shall be of the spherical form with a radius equal to the diam- 
eter of the shell. 

The closed end shall be riveted directly to the shell. The removable head 
shall be riveted to a flange ring. A similar flange ring shall be riveted to the 
shell, and provision made for securely bolting the flange rings together. 

The cover bolts shall be permanently hinged to the ring on the shell and 
shall be pocketed in slots on the rings. 
The rings shall be provided with suitable lugs for hinge pins. 
Forged steel pipe flanges shall be provided as follows: 
One 6 inch flange at the center of each end course on top. 
One 2 inch flange on the bottom at the center of the middle course and one 
20 ins. from the back ring scam. 

Materials. 

Shell PlaUs: 

The shell plates are to be of the best quality O. H. Firebox Steel, having the 

following qualities: 

Tensile strength, lbs. per sq. in. : 

Not less than 52,000 

Not more than 62,000 

Yield point, min. lbs. per sq. in 0.5 T.S. 

T.1 *. Q- * 1,500,000 

Elongation m 8 ins., mm. per cent — ^ q — 

Heads: 

The heads are to be of the best O. H. Flange Steel, having the following 
qualities: 
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Tensile strength, ibs. per sq. in.: 

Not IcsB than 55,000 

Not more than 66,000 

Yieldpointjinin. lbs. persq. in 0.5 T.S. 

c-i . ■ u ■ . 1.500,000 

Elongation m 8 ins., min. per cent ~TS — 

The ringB shall be steel castings having the fullou'ing qualities: 
Tensile strength, lbs. per wq. in,: 

Not less than 60,000 

Yield point, min. lbs. per sq. in 27,000 

EloogntioB in 2 ias., imv cent 23 

Reduction of area, per cent 30 

The castings are to be Ihorougbly annealed. 

84. Calculations. 

Thicknens of SkeU. — Assuming a tensile strength of 55,000 lbs. 
per sq. in. and a factor of safety of 5, Fig. U, p. 57, may be 
used to obtain the shell plate thickness. For a diameter of 60 ina. 
and a joint of 89 per cent efficiency the tliickness is found to be 
0.385 in. To allow for corrosion the thickness will be increased to 
tV in. 

Thickness of Heads. — The plate thickness for the dished beads g^ 

obtained by the use of forinula (2), p. 52, for thin spheres is -y ;>'' 
0.341 in. As shown in Chap, IT, Art, 20, this thickness involves 
a small factor of safety and short life. The thickness used will 
be that obtained from Fig, 15, p. 67. The thickness is found to 
be 0.625 in. for the diameter and pressure given. Use | in, 

Softs. —The size and nomljer of bolts to be used in locking the 
removable head may next be calculated. Assume the diameter 
of tbc gasket to be 64 ins. Then under a test pressure of 187.5 
Ibe- or once and a half the working pressure, the total load on the 

ta will lie 

187.5 X 3217 = 603,000 lbs. 

If now an axial stress iu the bolts of eighty times the wrench ^'* 
pull is assumed, as is frequently done in designs of this character, 
the numljer of bolts to resist the above load without leakage is 
readily determined. Since the test pressure causes the above 
load and an extra heavy pull on the wrench would be justified, 
the latter may be taken 250 lbs. The pull per bolt is then 20,000 
ibs., and the number of bolts 

603,000 _ , 
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As the gasket is of a more or less elastic material, the bolt load 
may exceed that due to tightening up, and a factor of safety of 
10 is therefore to be used. This factor with an allowable tensile 
strength of 60,000 lbs. per sq. in. gives a working strength of 6000 
lbs. per sq. in. With this conservative figure the size of bolts is 
calculated from the working pressure. 

Hence 125 X 3217 = 402,000 lbs. 

is the total load on 30 bolts and the root area of one bolt is 

402,000 _^^^ 
30X6000 " ^'^^ ^* ^^• 

The nearest practical size is a 2 in. bolt having a root area of 
2.30 sq. ins. 

To check the necessary wrench pull on a 2 in. bolt where 
Q = wrench pull, 

80 X Q = 6000 X 2.30, 
Q = 172.5 lbs. 

Pin for BoU, — The pin in the eye of the bolt may be taken as 
a beam uniformly loaded with the bolt pull necessary to hold the 
working pressure. The distance between supports is taken 3 
ins., thus allowing i in. either side of the eye for the supports. 

Then / = ^^ 

WL 
8 
^ 402,000 X 3 

30X8 
= 5025 in. lbs. 

^= A. 

Assuming a modulus of rupture for round steel of 100,000 lbs. 
per sq. in. and a factor of safety of 6, the radius may be determined. 

100,000 ^ 5025 X 4 
6 Trr^" 

= 0.724 in. 

Use pin If ins. in diameter. 

The thickness of metal forming the eye of the bolt is com- 
puted on the basis of 50 per cent more area on a cross-section 



where M = 
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through the eye than the root area of the bolt. Taking the 
width of the same as the diameter of the bolt, viz.j 2 ins., the 
thickness is found to be 

2.30 X 1.5 _ . 

2X2 ^'^ ""• 

Make cross-section 2 ins. X i in., which gives an outside eye 
diameter of 3f ins. 

Rings. — The only calculation on the ring is that to determine 
the width of metal for the lugs. Dismissing the brackets, which, 
however, are a source of considerable strength, the portion be- 
tween bolts may be figured as a cantilever. The width of the 
cantilever to be tested, allowing J in. clearance in the bolt slots, 
is very nearly 

Circumference of a 70 in. circle (assumed) ^ ^r 
30 2-2^ 

219.91 „„ 
or -^Q- - 2.26 

= 5.08 ins. 

Setting the bolts high enough to clear the rivet heads of the 
ring seam (say If ins.), the moment arm of the bolt pull on the 
section at the base of the slot will be If ins. The moment is then 



(^0^) ^-^ ^ == ^^'^^^ ""• ^^^• 



The modulus of rupture may be taken as the tensile strength 
and a factor of safety of 5 is sufficient. 

Hence / = "/ i 

60,000 ^ 23,450 >^6 
5" 5.08/12 » 

h = 1.52 ins. 

This dimension will be made If ins. 

Riveted Joints. — For the longitudinal joint a butt-joint is to 
be selected which shall have an efficiency of at least 89 per cent 
with the thickness of shell previously determined, viz., iV in. Con- 
sulting the tables of maximum pitches it is found that a triple- 
riveted butt-joint, with rivets arranged as in joint M, Table XIX, 
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p. 169, fulfils the requirements. With a rivet | in. in diameter 
the maximum pitch is 8.11 ins. and the efficiency is 89.2 per cent. 
The calking pitch is, then, one-half of this, or 4.06 ins. No 
table of maximum calking pitches for a working pressure of 125 
lbs. per sq. in. being given, it is necessary to calculate the pitch 
by equation (92), p. 120, 

p -d = 21.98 y|- 
For a cover plate | in. thick, 

p-d = 21.98 y/^g.', 

p = 4.03 ins. 

This pitch is less than the one it is proposed to use. However, 
the difference is so small (0.03 in.) that the J in. rivet selected 
will be used with an outside cover plate | in. thick. 

The several laps may now be found from the tables and plots 
of Chap. Ill, pp. 137 et seq. The rivets are all J in. in diameter 
and the plate thicknesses as follows: 

SheU A in. 

Outside cover plate } in. 

Inside cover plate i in. 

Heads t ^' 

Ring seam (shell). Table III. Lap 1 .30 ins. Use 1^ ins. 

Ring seam (heads). Table III. Lap 1. 16 ins. Use l^^ ins. 

SheU, longitudinal joint. Table IV. Lap 1 .44 ins. Use 1^^ ins. 

Outside cover plate. Fig. 76.* Lap 1 . 20 ins. Use 1 I ins. 

Inside cover plate. Table III. Lap 1.37 ins. Use 1 f ins. 

Insertion of Longitudinal Joint. — The distance between end 
ring seams being assumed 24 ft. six short pitches, p2, Fig. 95, 
must be subtracted therefrom to determine the number of normal 
pitches pi in the joints. Taking the short pitch eight-tenths that 
of the normal pitch, 

P2 = 0.8 X 4.06 = 3.25 ins. 
Then 288 - 6 X 3.25 = 268.50 ins. 

The number of normal short pitches pi is 

268.50 _ ^^ 

Toe" = ^^•2^- 

Use 66 short pitches, or 22 per course. 
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The actual short pitch is, then, 

268.50 



66 



= 4.07 ins. 



The final factor of safety may now be found by means of equa- 
tion (89), p. 117. 

/ 8.14 - 0.875 \/ 0.4375 X 55,000 \ 
• V 8.14 "A 125X30 / 
= 5.72. 

Ring Seam. — The pitch of the rivets in the ring seam joints, 
as found from Table VII, p. 157, is 2.00 ins. and the efficiency 
56.2 per cent. 

The number of rivets in a ring seam will be 

Circumference of 60 in. circle 
2:00 

or ^ ' = 94.3 pitches. 

The pitch, as determined from equation (81), p. 115, to allow 
an efficiency of one-half that of the longitudinal joint, or 44.6, is 

0.601 X 45,000 
^ 0.446 X 0.4375 X 55,000 
= 2.52 ins. 

The number of pitches corresponding is 

188.5 ^ 
2.52 ^ '^' 

As a mean try 84 rivets with a pitch of 2.25 ins. 
The efficiency of this joint, obtained from equation (79), p. 115, 
since the rivets will shear, will be 

y ^ 0.601 X 45,000 
2.25 X 0.4375 X 65,000 
= 0.50. 

The factor of safety from equation (90), p. 118, is 

^ ^ ^ 2 X 0.50 X 0.4375 X 55,000 
' 125X30 

= 6.42, 

which is larger than that for the longitudinal joint. The distance 
between rivet rows on the outside cover plate as found graphi- 
caUy, Fig. 52, or by equation (72), p. 100, is 2.25 inches. 
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The width of the inside cover plate is 

2 (li^ir + 2J + U) = 9| ins. 
The width of the outside cover plate is 

2 [If + J + J + U + 2i + W^] = 14J ins. 

In accordance with the calculations given, the following work- 
ing drawings, Fig. 197, have been prepared. 
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Blow-off Specifications 45 

Boiler Supports 45 

Cast Iron, Use of 35 

Cover Plate Thicknesses 39 

Factors of Safety 35 

Feed Pipe Specifications 45 

Fusible Plugs, Location of 36 

Handhole Specifications 44 

Hydrostatic Test 37 

Lap Values 43 

Ijongitudinal Joints, Type of 38 

Manhole Specifications 44 

Mud-Rings, Material for 38 

Rivet Holes, Punching and Drilling 43 

Safety Valve Connections 36 

Shell Plate Thicknesses 38 

Spherical Heads 39 

Spring-Loaded Safety Valves 35 



GENERAL INDEX 411 

PAGE 

Massachusetts Boiler Rules: 

Stay Bolts, Pitch of 40 

Proportions of 42 

Sta3ring above Tubes 42 

below Tubes 42 

of Tube Sheets 38 

Stays, Stresses in 42 

Steel Castings, Use of 37 
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Refuse Fuel, Use of 2 

Ring Seam, Factor of Safety of 118 

Rivet Diameter, Selection of 118 

Diameters, Critical Values of 101 

Limiting Values of 123, 130 

Heads, Standard 86 

Volume of 89 

Loads, Determination of 248 

Rows, Distance between, Adjacent to Laps 141 
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Proportions of 265 
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Submerged Tube Sheet for Vertical Boilers 226 

Superheater, Effect of 3 

Superheaters, Attached 10 
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Tin, Use of, in Fusible Plugs 25 

Tobin Bronze, Qualities of 25 

Tools, Improvements in 4 

True Stress 48 

Tube Arrangement 220 

Sheet 218 
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Water Leg Staying in 263 

Volume of Rivet Heads 88 

Vulcanizer, Design of 393 

Washers, Use of Stay 258 

Washouts 281 

Water Consumption 175 

Effect of Impurities in 3 

Leg Joints 149 
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